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This volume has been prepared in response to a general 
demand created by a series of articles which appeared in 
Electrician and Mechanic, Popular Electricity and Modern 
Mechanics, and The World's Advance. The articles covered 
briefly the apparatus employed in an experimental study of 
high frequency current phenomena over a period of several 

FS. 
ae In this work, I have spared no effort to Produce a treatise 
of practical value. Theory has been ignored chiefly because 
it would serve merely to confuse the non-technical reader, 
The designs offered are more than theoretical—they are the 
result of actual construction and experiment. In many cases, 
the entire oscillation transformer has been rebuilt and rewound 


many times before satis factory results were obtained. 


The work has been divided into six basic parts. The first 
two chapters tell the uninitiated reader what the high fre- 
‘vency current is, what it is used for, and how it is produced. 
The second section comprising four chapters describes in de- 
tail the principles of the transformer, condenser, spark gap, 
and oscillation transformer, and covers the main points in the 
design and construction of these devices as applied to the work 
jh hand, The third section covers the construction of small 
high frequency outfits designed for experimental work in 
Its home laboratory or in the class room. The fourth sec- 
tion is devoted to clectro-therapeutic aed X-Ray apparatus, 
The fifth describes apparatus for the cultivation of plants and 
vegetables, The sixth section is devoted to a comprehensive 
Gitstssion Of apparatus of farce size for use upon the stage 

in spectacular productions, 
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I wish to acknowledge my indebtedness to the following 
concerns and individuals for assistance rendered in the prepare 
ation of this volume: Victor Electric Company for illustra. 
tions of standard electro-therapeutic apparatus; Clapp-East- 
ham Company for illustrations and the list of parts and ma. 
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During the absence of the author of this volume, Mr. 
Thomas Stanley Curtis, the writer was called upon to prepare 
the second revised edition. The first edition of the book was 
made so complete and the development work done with high 
frequency electricity since the first edition was prepared has 
been so small that there was really little mew matter to choose 
from. However, a few thousand words of Mr. Curtis’ later 
writings on the subject of high frequency, which appeared in 
past issues of “Everyday Engineering Magazine,” were found 
to be suitable and they have been included in the present edi- 
‘tion together with their accompanying illustrations. 
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THE ALTERNATING CURRENT AT LOW AND 
HIGH FREQUENCIES. 


While the manuscript for this book was being pre-. 
pared, the author was approached by a caller who intro 
Huced himself as an enthusiastic experimenter and a reader 
of all manner of practical books. This gentleman explained 
that he was an armature winder by trade, and that he 
wished to take up high tension work solely as a hobby. He 
was possessed of but little knowledge of mathematics and 
had been unable to understand the many books on trant 
former design and construction that he had purchased. 

A few minutes’ conversation with this caller brought 
to light some important points which since have prompte 
a radical and wholesale change in the method of treat: 
ment. Half a dozen pointed questions suggested the in 
troduction to the general-subject that is offered in the next 
few paragraphs. 

‘What the Alternating Current is. alternating curs 
rent is one that periodically changes its direction of flow 
certain number of times per second. It is the reverse of they 
dircet current which is assumed to leave the battery or dy= 
hamo at the positive pole and return by way of the negative 
Pole. With the alternating current, the terminals of the 
machine are alternately positive and negative. This char~ 
Acteristic is well shown in the diagram, Fig. 1, which may. 
be assumed to chow the course taken by a current leaving: 


15 





6 HIGH FREQUENCY APPARATUS 


the terminals of an alternating current generator having 
four field poles and having its armature or “rotor” driven 
at 1800 R.P.M. This machine would be termed a 60-cycle 
alternator because the current it delivers would make 60 
complete cycles or 120 alternations in a space of one second, 


With reference to Fig. 1, let us assume that 4 repre- 
sents the current as it starts from one collector ring of the 
machine. Following the direction indicated by the arrow, 
wwe find the current rises in voltage until it reaches its peak 
at B. The value then falls back to zero as the current re- 
turns to the other collector ring, C. At this point the arma- 


Fup 1—Dinram shoving tw am slcronigg current perateiyseveriey 
cere ae eel 


ture or rotor of the machine passes to the next set of field 
or stator poles and the current starts out over its circuit 
again, but in the reverse direction. For convenience, this is 
shown as below the zero line in the illustration. Leaving 


@ es Current rises to the maximum at D and then returns 


__ _ The period of time taken in the passage from 4 to E 
‘is just 1/60 second; in this space of time the current 
made a complete cycle of two alterations, one in a po: 





‘THE ALTERNATING CURRENT 7 


and the other in a Acgative-direction. In one second of 
time, it will have made 60 complete cycles; it 1: therefore 
called a O-cycle current. 

Change of Frequency —Now let us assume that the al- 
teenator be supplied with cight field or stator poles instead 
of four. As a reversal of current occurs when the rotor 
windings pass from the ixtluence of one pair of stator poles 
to the next pair, it is obvious that to double the number of 
stator poles is to double the frequency, if the speed at 
which the armature is driven remains the same in each 
case. On the other hand, precisely the same result is ob- 
tained if the number of poles remains fixed and the speed 
of the rotor is doubled. ‘Thereiore, the matter sums itself 
up into a simple formula which will be useful to the worker 
if he will but understand it and not fear it as some intang- 
ible form of “mathematics,” The formula is: 


2x@ 
Frequency =————__ 
R.P.M. X Number of Poles 


‘Therefore, if we know the number of poles of a given 
machine and the speed at which it is driven, we may multi- 
Ply the number of revolutions per minute by the number 
of poles and divide this product by 120 to find the fre- 
Quency of that particular machine. 

On the other hand, suppose we know the number of 
Poles and we are required to produce a certain frequency 
from ' given machine: we must determine the number 


$f revolutions at which the rotor must be driven. This 
formula is 


2 60 X Frequen 
RPM. aA 


Number of Poles 
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To simplify the first formula into a form where it is 
ready for use at a moment's notice without any calculation, 
qwe may say that the number of cycles per revolution will 
be equal to the number of poles divided by 2, To use this, 
Tet us take the case of the four pole machine. Four dic 
vided by 2 is 2. Therefore, the machine will deliver two 
cycles to every complete revolution of the rotor. If the 
speed is 1800 revolutions per minute or 30 per second, the 
frequency is 2 times 30 or 60 cycles per second. 

Effects of Change of Frequency—For commercial use 
such as lighting lamps and operating motors, the 60-cycle 


current is in general use in the United States. Certain 
Parts of the country still use 125 and 133-cycle currents 
and in Canada the 25-cycle current is much in evidence. 

A change in the frequency of the current necessitates 
Profound changes in the apparatus it is intended to oper- 
ate. It is not within the province of this work, however, 
to touch upon the alterations necessary in motors in orvler 
that they may be adapted for various frequencies. Suf 
fice it to say that in the case of transformers, which are 
closely identified with the apparatus described, any chanze 
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in the frequency of the current necessitates a corresponding 
change in the windings of the transformer. 

Generally speaking, one of the higher frequencies is to 
be preferred for transformer work, for the core may be 
lighter and smaller, and the instrument is consequently 
cheaper and easier to build. Therefore, if the worker in- 
tends to generate his own alternating current, he may well 
employ an alternator producing a 120-cycle current at 
moderate speed. As a rule, however, some form of alter- 
nating current supply is available and, in such event, the 
experimenter will, of course, find it cheaper and better to 
so design his apparatus that it will operate in a satisfactory 
manner on the circuit at hand. 

In the various descriptions of transformers which fol- 
low in later chapters, the data for all standard frequencies 
are given in order that the worker need not make computa- 
tions unless he so desires. In addition to this, one entire 
chapter is devoted to a simple explanation of the principles 
of transformer design, and, from this explanation, the av- 
erage worker will be enabled to work out any special de- 
sign that may appear desirable. 

In the case of direct current supply a motor-generator 
of the type shown in Fig, 2 is sometimes used. This con- 
sists of an alternating current generator driven by a direct 
Current motor. oth armatures are mounted on the same 
shaft in the machine illustrated. 

‘The High Frequency Current.—When an alternating 
‘current is made to change its direction of flow many thou- 
Sands of tinies per second, it is termed a “high frequency 
Sutfont” ‘The precise figure at which this term is properly 
avplied is not very clearly defined but it is usually placed 
at the mark: of 10,000 cycles per second. From this, it 

may extend into the hundreds of thousands or perhaps 
millions of eyctes per second. How this current, which 08- 
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cillates with such inconceivable rapidity, is produced will 
be duly explained in the next chapter, but first of all let 
tus consider the peculiar characteristics of which it partakes 
and the uses to which it may be put. 

Characteristics of the H. F. Current—For the scrious 
experimenter and stadent of modern electricity, there is 
no more fascinating study than that of the electric current 
at high potential and high frequency. The phenomena 
Which may be exhibited through its agency are at once 
spectacular and startling, of inconceivable beauty and 
grandeur, and, in practical applications, of the greatest 
utility and importance, While the larger types of appara- 
tus demand that the utmost care and the finest materials 
be used in the construction, the youthful experimenter may 
satisfy his craving for immediate results by building tem- 
porary apparatus of the crudest construction imaginable 
and still obtain effects bordering upon the marvelous, 

When the electric current is made to oscillate or change 
its direction of flow several thousand times per second, it 
Partakes of some astonishing characteristics. All of the 
preconceived theories of electricity as applied to the com- 
mercial current are overthrown and the phenomena ex- 
hibited are contradictory in the exteeme to the conventional 
ideas of the everyday electrical worker. For example, if an 
alternating current of the commercial sort having a fre- 
auency of 60 or 125 cycles per second, be passed through 
the human body, 2 muscular contractive effect is produced 
and the sensation of an electric “shock” is felt. If the volt- 
age of the applied current should be higher than the hun- 
dred mark, the shock is unpleasant and perhaps dangerous; 
et it reach 1,000 volts or perhaps even half that amount, 
and the shock is in most cases fatal. On the other hand, 

if the current be made to oscillate or change its direction 
of flow with a frequency of 10,600 or more cycles per see- 
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‘ond, it may be applied to the body without danger or even 
discomfort at potentials running well into the tens of thou- 
sands. Let the frequency be increased still further, say 
into the millions, and the sensation of shock and muscular 
contraction is quite absent. ts place is taken by one of 
gentle warmth. 

‘Spectacular Demonstrations —The importance of this 
‘one peculiarity alone will be appreciated by those who 
have seen the self-styled electrical marvels upon the stage. 
‘Their claims to the effect that they are “taking thousands 
of volts through their bodies” are perhaps well founded 
for the presence of a spark several inches long is pretty 
good evidence of a very high potential. It is usually con- 
ceded that every inch of spark between points through 
the air represents a potential of Letween fifteen and twenty- 
five thousand volts. ‘The secret of the performer's apparent 
power rests solely with the high frequency current. 

Perhaps the reader has seen one of these entertainers 
charge the body of an assistant to the point where a spark 
Several inches in length may be drawn from the fingers, 
chin, elbow, or even the tongue, A tuft of cotton or tissue 
Paper held in the spark is immediately ignited, or perhaps 
the performer may light the tip of his cigarette with the 
‘spark taken between his finger and the body of the assistant. 
Possibly the performer may grasp the terminal of his ma- 
chine with one hand while the other holds a wire Jeading 
to an ordinary incandescent lamp; the assistant touches the 
Temaining terminal of the lamp and the current is turned 
on. The lamp filament becomes red and perhaps white 
hot, finally burning out completely with the current passed 
through the bodies of the performer and his man. 

‘The staze may he darkened and the terminal of the 
‘$PParatus connected with the body ; as the current is turned 
8, the extremities of the body are secn to glow with a 
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weird blue light. As the hand is raised above the head, 
Treamers of purplish fire dart from the finger tips, A 
cacuum tube brought to within a distance of several feet 
from the body lights up with its characteristic glow even 
though there is no connection with the performer's body 
or the apparatus. 

Ail of these experiments and hundreds of others may 
ke performed with comparatively simple and inexpensive 
apparatus that is well within the reach of the average ama- 
jeur mechanic. If the reader aspires to greater heights, he 
may build apparatus with which great, long sparks may be 
produced. 

‘The High Frequency Current in Medicine —The high 
frequency current, when applied to the human body through 
suitable electrodes and other appurtenances, can be made 
to produce the most profound physiological effects. Ap- 
plied through a glass electrode from which the air has been 
exhausted, the current stimulates the circulation of the 
blood, bringing it to the surface and ng nutrition 
Persistent application of the vacuum electrode to the scalp 
at certain intervals will restore the original color to grey 
hair. On the scalp of a partially bald patient, repeated 
applications will promote the rrowth of new hair if the 
roots have not heen totally destroyed. 

Placing the patient in a chair having a metallic plate 
beneath its seat and behind the back, the physician may ad- 
minister the high frequency current in the form of tre 
ment known as auto condensation and thereby reduce the 
blood pressure in cases of arteriosclerosis. The same treat 
ment is being successfully used in the reduction of super 
fluous flesh, 

‘The general effect on the patient is a tonic one atl in 
‘practically every case reported, the patient has been 
brightened up, given added vigor anil cheerfulness, and, in 
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fact, has exhibited all of the favorable effects of a powerful 
fanie without sustaining any of the unfavorable after ef- 
fects of a stimulant. 

Awhile on the subject of the medical application of the 
high frequency current, it may be well to point out the 
fat that while no ill effects are likely to be experienced 
from the treatment in the hands of an unskilled operator, 
continued applications intended to produce a medicinal ei- 
fect upon the body should certainly not be given by the 
layman without first having had the advice of a physician. 
‘The two primary modes of treatment, i, ¢., the vacuum elec- 
trode and the auto condensation, produce diametrically op- 
iosite effects. The clectrode treatment tends to increase 
the blood pressure while the auto condensation tends to 
reduce it. It is obvious, therefore, that the auto condensa- 
tion should never he applied except in cases where normal 
or hyper tension is indicated. After the examination has 
been made ani the treatment prescribed, there is no reason 
why the actual aiministration should not be given by the 
layman if the physician keeps a watchful eye on the prog- 
Fess at suitable intervals between treatments. 

The Generation of Ozone and the X-Ray.—For the 
physician or the experimenter, there is perhaps no form of 
X-Ray apparatus better adapted to light office or labora- 
tory use than the high frequency coil. It is safe, convenient 
and powerful and for all cases where very short exposures, 
through the heavier portions of the body are unnecessaryy 
it will mect the requirements admirably. True, the X-Ray 
is never quite safe in the hands of anyone other than a 
skilled operator haying years of experience on his shoulilers. 
oy Sorted by a tube excited with a high frequency 

is, however, less liable tc produce the characteris 
tic burn than is that produced by aS ‘other means, Just 
Why this js s0, is not definitcly known, but the experience 
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of the past few years indicates beyond a doubt the truth 
‘of the statement. 

A high frequency coil to produce an cight-inch spark 
of a quality adapted to light X-Ray work can be built in 
the home workshop at only a fraction of the cost of an 
induction coil to do the same work. Furthermore, the 
high frequency apparatus is simple in construction ani op: 
eration and it can be depended upon to do its work without 
the annoying delays incident to the usual induction coil 
with its troublesome interrupter and the ever-present dan- 
ger of a serious breakdown of the insulation. 

As a generator of ozone for medicinal purposes, the 
high frequency coil is particularly energetic and efficient. 
When the discharge terminals of the coil are separated be- 
yond the normal sparking distance, great volumes of ozone 
are liberated in the space filled with a crackling brush dis- 
charge. When the vacuum tube electrode is passed over 
the body, the ozone is liberated at the point of contact. For 
purposes of inhalation, a simple apparatus consisting of a 
‘vacuum electrode surrounded by an outer wall of glass 
with an air space between can be made to produce the gas 
in ample quantities and with the additional advantage that 
it may be collected and administered to the patient through 
& suitable rubber tube and mouthpiece. Furthermore, this 
simple appliance permits one to pass the gas through a 
small quantity of oil of eucalyptus which tends to remove 
the nitrous oxide that invariably accompanies ozone gen- 
erated by the electric spark. 

Electrical Cultivation of Vegetation.—The high fre- 
‘quency current, when sent through a network of wires 
above a plot of ground, has the peculiar property of stimu- 
Jating the plant life in the earth beneath the wires, Just 
why this should be so is not definitely known; while va 
‘ous theories have been advanced, it is possible that one and 





faulty and it is not within the province of this 
PET, Sic crt. The apoarates reed forthe el 
tivation of plants on a small scale is neither elaborate nor 
costly although it must be made rather rugged in electrical 
construction to withstand the strain of almost continuous 
operation for hours at a time. 

In a later chapter the data for the apparatus required 
for the cultivation of a one acre plot in the open is given; 
in addition to this, notes on the conduct of experiments with 
potted plants indoors are given as are also a few sugges- 
tions for hot-house work with both vegetables and flowers, 

The electrical cultivation of plants is entirely practical 
if a source of cheap electric power is available, On the 
small farm where water power or even gasoline engine 
power is developed, the clectric current may be generated 
at very low cost in quantities suficient for practical work. 

The experiments have their commercial cide as well a8 
their purely experimental. Crops may be forced to an 
carly maturity with a marked increase in the flavor and 
tenderness. Lettuce is particularly susceptible to the in- 
fluence of the current, while radishes and beets follow 
closely. For fancy fruits and vegetables the process is 
Productive of results which add materially to the profits 
ordinarily to be made. 

Radio Telegraphy and Telephony—Beyond a doubt, 
‘the most popular and the best known application of the 0% 
fillatory current is in the ficld of radio telegraphy and tele- 
Phony. Every village seems to have one or more amateur 
wireless telegraphs. 

The ‘oscillatory current, when vibrating within a certain 
Tange of periodicities, <ets up electromagnetic waves in the 
ether if it be sent into an aerial or overhead wire which 
‘is insulated from. the carth, These waves, which resemble 
Hight waves in point of speed but which are quite invisible, 
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are radiated in all directions at a pressure of the radio tele- 
graph key. 

The apparatus described in this book is admirably 
adapted for purposes of radio telegraphy and some of the 
transformers, condensers and spark gaps represent the hest 
and most modern practice in the construction of radio trans. 
mitters, 





CHAPTER I. 


HOW THE HIGH FREQUENCY CURRENT IS 
PRODUCED. 


‘There are but three practical methods by means of 
which the high frequency current may be generated. In 
‘one of these methods, an alternating current generator 
having a very large number of stator pole pieces is em- 
ployed ; this is essential in order that the speed at which the 
rotor must be driven may be kept within reasonable limits. 
Even so, the speeds of most of the experimental machines 
built thus far have been as great as 10,000 R.P.M. and 
the reader's practical knowledge will doubtless tell him 
that a heavy, composite mass of metal, driven at this speed, 
introduces complications that are very likely to result di 
astrously should anythin, go wrong. The maximum fre- 
quency obtainable by this method is about 100,000 cycles 
per second and this frequency, with a useful output of cur 
rent, is to be obtained only through the use of a very costly 
and dangerous machine. The high frequency alternator 
method, while it undoubtedly possesses some positively 
tnique advantages in radio telegraphy and telephony, is 
scarcely a piece of apparatus that comes within the scope 
of this book. 

The second method is by means of the direct current 
are, When an ordinary arc is shunted by a suitable ca- 
Pacity and inductance, oscillations are set up in the circuit. 

‘\ secondary added to the primary inductance or helix will 


2 
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have induced in it a high frequency current similar to that 
oscillating in the primary circuit. By means of a suitable 
adjustment of the ratio existing between the turns in the 
two coils, the potential delivered at the secondary terminals 
may be increased practically at will. 

The most familiar use of the are as a high frequency 
current generator is in the field of radio telephony. The 
purity of the wave generated by the arc renders it particu- 
larly well adapted to this use. For purposes of demon- 
stration, however, the arc generator is not capable of de- 
livering a sufficiently large output. With all due respect to 
the method in the work for which it is best adapted, we 
shall therefore recommend that the experimenter discard 
it, using in its stead, the condenser discharge form of gen- 
erator, a detailed description of which follows. 

Condenser Discharge Generator —It is assumed that 
the average reader of this book will be familiar with the 
elementary principles of wireless apparatus. Granting this, 
it is, of course, reasonable to believe that such readers will 
understand how an oscillatory current is set up in a circuit 
comprising an inductance or coil of wire, a capacity or 
condenser, and a spark gap. The condenser is charged with 
2 high tension current from any convenient source such 
a5 a transformer or induction coil, and when the potential 
stored up in the condenser reaches a critical value, the air 
‘in the gap between the spark gap clectrodes can no longer 
stand the strain, and the condenser discharges across the 
fap in a succession of crashing sparks. As the current 
from the condenser crosses the gap in one direction, it Tit- 
erally over-reaches itself just as a pendulum swings past the 

neutral point when given a push with the hand. When the 
first rush of current passes in one direction, a reversal of 
the crele occurs and second rush in the opposite direc- 
tion is effected. This operation is zepeated many thou- 
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sands of times per second, the discharge gradually dying 
down until the potential across the condenser has been low- 
ered to such an extent that the spark can no longer jump 
the air gap. The Condenser immediately takes a fresh 
charge [rom the transformer and the entire cycle of opera- 
tions is repeated. It will be understood that all of this 
passes in an infinitesimal fraction of a second, the charge 
and discharge of the condenser taking place so rapidly that 
the observer can detect no change in the solid spark which 
appears continuously to fill the gap. 

‘As the current surges back and forth through the in- 
ductance, which is merely a coil of a few turns of very heavy 
wire, a similar current is induced in a second coil of wire 
placed in the same plane as the first. A slight increase 
in the number of turns in the secondary over those in the 
primary will result in a very large increase of potential 
between the secondary terminals. 

Unlike the low frequency or commercial transformer 
the high frequency or oscillation transformer requires no 
iron core whatever ; indeed, the presence of iron'in the cen- 
ter of the windings is not to be considered as it would be 
detrimental to the successful operation of the transformer. 

From this the reader will note that in order to produce 
a high frequency current of practically any desired potential 
it is only necessary to combine two coils of insulated wire 
of the proper proportions and number of turns with a con- 
ventional transformer, condenser and spark gap. 

‘The Kicking Coil Method.—The operation of a high 
tension transformer for the charging of a condenser neces- 
sitates an alternating current. There are certain cases 
wherein it is desirable to produce a high frequency current 
where direct current only is available. This is particularly 

fruc in the case of electro-medical apparatus which must 
frequently be used at the patient's bedside. For this type 
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‘of apparatus, a simple modification of the condenser dis- 
charge principle is available. This method uti 
is known as a “kicking coil.’ 

A kicking coil is a solenoid of coarse copper wire wound 
upon a laminated iron core. If a direct current be sent 
through this winding, and the circuit broken suddenly, a 
pronounced flash will occur at the break of contact. The 
high potential represented by this flash is induced by the 
self-induction of the coil wound on the iron core. Under 
favorable circumstances the instantaneous voltage gener- 
ated may reach from several hundred to considerably over 
a thousand volts. This potential is, of course, quite suffi- 
cient to charge a condenser. and it is only necessary to pro- 
vide some suitable means for rapidly making and breaking 
the circuit with condenser and inductance in series in order 


to generate a high frequency current quite similar to that 
produced with the apparatus described in the preceding 
section, 

Experiment has shown that a substantial vibrating in- 
terrupter with heavy silver contacts serves the purpose ad- 
mirably. The vibrator is actuated by means of the magne- 
tism in the core of the kicking coil. 





CHAPTER IIL, 


THE HIGH POTENTIAL TRANSFORMER OR 
INDUCTION COIL. 


As the reader will have inferred from the preceding 
chapter, the condenser discharge principle is employed in 
the construction of all of the apparatus described in this 
work. While the use to which each particular outfit is to 
he put governs, in a large measure, the actual construction 
and design of the component parts of the apparatus, the 
basic principle is quite the same in each case. Granting 
this, each outfit will comprise the following units: 

‘The Transformer or Induction Coil which converts the 
low voltage current available from the lighting circuit, or 
perhaps a battery, into a high voltage current suitable for 
charging. 

‘The Condenser, which is composed of alternate sheets 
of metal and glass or other material having a high diclectric 
value. ‘The condenser discharges its load of electric cur- 
rent at high pressure across 

The Spark Gap, which is composed, essentially, of 
metallic electrodes, having accurately turned faces held in 
the same plane by means of suitable supports. In series 
with the spark zap and condenser is the primary of 

‘The Oscillation Transformer, which comprises two 
Soils or helices of copper wire. One of these coils, the 

Primary, is composed of a few turns of thick wire, while 
the secondary may have from ten to one hundred times as 
many turns of fine wire. 
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A few general suggestions relative to cach of these 
units and their relations one to the othér will, it is believed, 
he conducive to a clearer understanding of the detailed 
directions which follow in later chapters. No attempt wi 

lie made, in the present chapter, to offer details of con- 
struction such as dimensions of the parts, as this feature 
is covered specifically in the directions given in succeeding 
chapters, cach of which is devoted to a complete description 
of a certain type of outfit. The object of the gencral 
information in this and the following chapter is to afford 
the reader, who has delved but slightly into the intricacies 
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ef high tension electrical work, an intelligent insight into 
the basic principles of design and construction of the sev- 
eral units which comprise the outfit. 

Transformers.—The transformer is essentially an al- 
ternating current device. In its simplest form, it consists 
of a core, C, Fig. 3, of laminated iron, a primary winding 
of insulated copper wire, P, and over this a secondary wind- 
ing, S, also of insulated copper wire. An alternating cur~ 
Fent sent through one winding induces a similar current in 
the second winding. A variation in the ratio existing be- 
tween the turns of the two coils, produces a corresponding 
change in the induced voltage. 





Such a transformer is known as an “open core” 
ment because the magnetic lines of force set up in the 
straight iron core must reach around through the air as. 
shown in Fig. 3 to complete the magnetic circuit. A modi. 
fication is shown in 4 which illustrates a method by 
means of which the windings of the transformer are par- 
tially surrounded by iron. This provides a ready path for 
the lines of force with a large increase in the efficiency of 
the instrument, Such a transformer is said to have a closed 
core. 


core transformer, Lines of force pas 
magnetic circuit isutead of through the air ax in Figs 3 


‘There are many modifications of the closed core trans- 
former, all of which have merits peculiar to the uses to 
which they are put. For lighting and power work, it is 
desirable to have the primary and secondary windings as 
closely “coupled” as possible and to this end most power 
transformers have very compact cores which almost cover 
the windings. The effect of this close coupling is to im- 
Prove the “regulation” of the transformer, to reduce 
the fluctuation in voltage from no load to full losd to 2 
minimum. This type is shown in Fig. 4. 

Transformers for Condenser Charging—In the early 

eo shen transformers were first used 
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for the charging of condensers, the experimenter knew but 
little of the requirements of the process. The only high ten- 
sion transformers available were of the power variety with 
closely coupled primary and secondary, and the first trials 
of these gave such promising results that the worlsers were 
induced to carry on an extensive line of rescarch with a 
view to improving the apparatus. 

One great difficulty was experienced from the start. 
A glance at Fig. 5 shows that the secondary terminals of 
the transformer are shunted by the spark gap, which in 
turn is shunted by the condenser and primary of the oscil- 


Locquney coven 
lation transformer in series. When the condenser dis- 
charges across the spark gap, the discharge produces 2 
short circuit for the secondary current in the transformer 
after the spark has died away. This causes an are to form 
with the result that the condenser cannot charge again 35 
it should. The close coupling of the windings tends to 


hold the secondary voltage at its maximum when the short 
circuit occurs. 


‘Various experiments were tried to prevent the forma- 
tion of the arc, and among these may be mentioned a mag- 
netic blow out, which aided in quenching the arc; a blast 





‘of compressed air between the spark gap electrodes, wi 
Iiterally blew out the arc as soon as it formed; and various 
devices which mechanically separated the electrodes to a 
point where the arc was extinguished. The most familiar 
form of the latter device is the common rotary'spark gap. 
‘As the work progressed, the experimenters discovered 
that by placing an impedance coil, consisting of a single 
winding of copper wire on an iron core, in series with the 
primary of the transformer, the arcing was materially les- 


Fin, 6—Typical closed core transformer arranged for power 
Pe, peeps pened eek tres 
drop int secondary “collage” wogn food ie applied 


Sened and the various blow-out devices were rendered un- 
necessary to a certain extent. This procedure is illustrated 
in Fig. 5, which shows the impedance coil in series with 
the primary of the transformer, the windings of which are 
Closely coupled. This was the first step in the direction of 
the celebrated “Type E” wireless transformer which was 
Patented by Mr. Melville Eastham and which has been 

ied in various forms by dozens of manufacturers since 
its introduction. 

‘The design of the “Type 2” transformer introduces the 
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very quality that the makers of power transformers seek 
to avoid, namely, magnetic leakage in the core. When 
the secondary of such a transformer is short circuited by 
the spark, the potential instantly drops to so low a value 
that the are dies out of its own accord ; indeed, it is doubtful 
if any appreciable arc forms at all. 

‘The principles of the magnetic leakage transformer are 
shown in Figs. 8,9 and 10. In Fig. 6, the primary and sec- 
ondary are seen to be mounted upon separate legs of the 
rectangular iron core. This loosens the coupling to such an 








Fig. 7.—Tyansformer, with, closely counted peina-y 
‘impedance col in"seies Sah pSaary to"prevest 


extent that magnetic leakage is set-up in the space be- 
‘tween the windings and around the outside of the core as 
shown by the lines in the drawing, This leakage diverts 
4 portion of the total flux from its path through the cores 
inside the windings, and when the abnormal load comes 
‘on the secondary, the potential suffers a tremendous drop 
as the regulation is intentionally poor. 

In Fig. 9, the primary and secondary are still farther 
separated by being placed upon the short legs of the core 
instead of the long ones as‘shown in the preceding figure. 








This is carrying the point still farther. In Fig. 10, we have 
the true Type E instrument in which a tongue of iron pro- 
jects from one leg of the core between the windings, and 
fearly makes contact with the opposite leg. This intro- 
Guees a partial magnetic shunt that serves every purpose 
Of the external impedance coil and which has some marked 
advantages over the latter device. 

‘With a correctly proportioned magnetic leakage trans- 
former, brought to resonance by a suitable condenser con- 
nected in the oscillation circuit, the arcing at the gap is 


Fig. Transformer, with primary eg and, secondar her tee of 
imary_on one Teg and_ secondary on, other Jen 
ore ta introduce greater’ magmetic leakage” The frat step is te 
Adeeclopmest of the Texonance type of transformer 


reduced to a minimum and the discharge partakes of a 
clear ringing tone not to be heard in other types of 
equipment. 
In addition to this marked advantage, the magnetic 
ee transformer can be made to attain a degree of 
iciency and a power factor not possible in the ordinary 
combination with its impedance coil. 
Secondary Potentials—The proper potential for the 
“secondary in the case of the resonance transformer (the 
en = b lic ow: 
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alternating current transformer designed for condenser 
charging) will depend upon the condenser with which it 
js to be used and also upon the type of spark gap employed 
Since the introduction of the Federal radio telegraphic 
laws which govern the wave length of amateur stations, 
the tendency has been in the direction of higher potentials 
for wireless telegraphic work. The higher potential per- 
mits a smaller condenser to be used. For other high fre- 
quency work, however, there is no particular advantage to 
be derived from the high voltage secondary and its use i 
volves certain eles Hand mechanical difficulties that are 
expensive and annoying to surmount. 


= tesa ow af core and wily 0 
fre tiene tune age”, Ty commas reve ester 


‘The most satisfactory potentials, in the authors experi- 
ence, have been from 4,000 up to 12,000 in transformers 
ranging in size from 4 k.w. to 3 kav. This range of po- 
tential, with 2 .03 mfd. condenser has been found quite sui 
able in the construction of many sets of apparatus. 

With the quenched type of spark gap. a totally differ- 
ent condition is met. Secondary potentials as low as 900 
40 1,000 volts are excellent in the case of small transformers 
of capacities ranging from 14 to % kw. For the larger 
sizes, the potentials may run up from 2,000 to 3,000 volts. 

quenched gap, which will be specifically described 
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later, is exceedingly short and a much lower potential is, 
accordingly, in order. 

‘Transformer Construction —In each chapter of this 
book, wherein a set of apparatus is described, the complete 
specifications for the construction of the transformer are 
given. The object of this discussion will, therefore, be to 
cover only briefly the essential principles of the construction. 

‘The transformer core in each case should be of thin 
sheets of silicon steel, O14 in. thick, and made expressly for 
‘use in transformers and other alternating current appara- 
tus. It is practically as cheap as the so-called transformer 


iron and, if results count, it is much cheaper than stove-pi 
iron. 

‘The construction of the core is simple. The silicon 
steel can be bought in sheets or, preferably, in pieces cut 
to size and ready to assemble. The rectangular pieces arc 
Placed one upon the other to make piles of the required 
thickness for the assembled core and then firmly gripped 
with a binding of tape. 

,. _ The windings are made on simple wooden forms, either 
in a lathe or else on a hand winding device. The winding 
‘is invariably that known as the layer method. The “pie” 
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winding, described in so many of the older books on radio 
construction, has been tried out thoroughly by the author 
‘and by many of his colleagues; the result is a wholesale 
denunciation of it, bag and baggage, as it were. Truc, a 
modification of the pie winding is seen in many of the de- 
signs presented in this book but the pertinent fact is that 
the directions do not call for an annulus of wire, held to- 
gether by wax, and with the turns laid on any-which-way. 
‘The sections may be thick or thin, but however they may 
be, they should be wound in even layers with a layer of in- 
sulating paper between layers of wire, This rule is in- 
variably followed throughout in the description of the 
windings. 

Enameled wire is favored in all secondary transformer 
windings. In the case of the induction coils, to be described, 
the wire may be cotton covered, as these windings are sub- 
jected to wax impregnation. The induction coil secondary 
i$ called upon to stand enormous potentials and it is sub- 
jected to but little heat. The transformer secondary, on 
the other hand, may become quite warm in operation and 
it shoyld therefore be constructed to withstand this rise 
in temperature without deterioration. In this case, the 
enameled wire is excellent for it is impervious to moderate 
degrees of heat. 

‘Transformer Design—The questions: “How many 
tums of wire do I use in the primary?” and “What size 
should the core be?" are familiar ones in the files of the 
author. The computation is simple and it does not involve 
any great knowledge of mathematics for its working-out. 

‘There are just a few basic principles to bear in mint 
before starting the calculation, The first determination 
4s, of course, the capacity of the finished instrument. As 
the ¥4 kw. size is « popular one, Fie te hac tor selected 
for the example. As the transformer is to be used for 
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‘charging condensers, a large magnetic leakage is desired 
land this governs the shape of the core and the method of 
Placing the windings. Tligh efficiency is obtained only at 
Correspondingly high cost and great weight of materials, 
fn the present discussion of transformer design, the vari- 


ane computations have been reduced to the very simplest 
form possible in order that the scheme may be within the 
reach of any amateur worker who knows how to use simple 
jrithmetic. The subject of copper losses has been neglected 
Solely because it introduces one more calculation that has 
ho practical bearing upon the net results obtained. 

Let us assume, arbitrarily, that we wish a transformer 
‘of an efficiency approximating 93 per cent. Incidently, the 
transformer designed in this chapter is the one employed 
in the later chapter on experimental high frequency ap- 
paratus. We wish a secondary potential of 5,000 volts; a 
primary wound for 110-volt supply; and we wish to operate 
the instrument on a O-cycle circuit. If we wish an output 
of 4 kw. or £00 watts, and the efficiency is to be 93 per 
cent,, it is obvious that we must have a greater input than 
$00 watts in order to compensate for the 7 per cent. loss. 

The input is calculated by dividing the output by the 
per cent, efficiency; thus: 

300 
= 537.63454 
93 
‘ef We must have an input of 537.6344 watts in order to 
‘take out 500 watts, 

Core Volume. volume of the core receives our 
tention next. The initial step is to determine the watts 
Joss in total and by subtracting 500 from $37.6344, or out- 
‘Pat from input, we find that the loss in the transformer is 
97.6344 watts. This loss is made up of the /°R losses which 
; to the heating effects in the copper of the windings, 
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‘and the hysteresis and eddy current losses in the core; 
the latter are known as the core Josses. The core losses 
constitute about 47 per cent. of the total of 37.6344 watts, 
‘or 17,688 watts, Approximately 20 per cent. of the total 
core loss will be the eddy current loss and the balance of 80 
per cent. must, therefore, constitute the hysteresis loss. To 
determine the latter loss in our core, we taken 80 per cent. 
of the core loss of 17.688 which gives us 14.1504 for the 
watts lost through hysteresis. 

Various Frequencies—For practical purposes of the 
worker who builds the apparatus described in this book, the 
change in design necessary to adapt the various trans- 
formers for use on the various frequencies in commercial 
use, may be simplified so that when the design has been 
worked out for the 60 cycle instrument, the windings for 
25 or 125 cycles become a simple matter of proportion. ‘The 
cores may remain the same for all frequencies. Taking 60 
cycles as the standard, the winding for 125 cycles may have 
just one-half the number of turns, The 25 cycle winding 
will have twice as many turns as the 60 cycle. In order to 
Provide space for the additional turns of the 25 cycle wind- 
ing, a wire. one or two sizes smaller may have to be used 
but this is permissible in view of the intermittent work of 
the instrument. 

Proportions of Core—The proportions of the core call 
for some plain common sense and rule-of-thumb calcula- 
ton. One thing to bear in mind is that the core must not 
be made too long and slim as the reluctance is then too 
Kreat and the primary and, consequently, the secondary 
will have an inordinate number of turns with relatively 
high copper cost. ‘On the other hand, to make the core 

too short and thick renders the winding difficult of insula- 
Hion and the coupling too close. Experience only ean dem: 
‘Onstrate the happy medium at first trial. The diagram 
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‘in Chapter IX shows a core of good proportions for 
this type of transformer and it may well be used as a pat- 
tern for instruments of larger or smaller size. 

Let us take the cross-section of the core at 2 inches 
square for a trial, We must have at least 94.33 cu. in. of 
iron in all. If we make the rectangle of the core 934 in, 
Jong and 634 in. wide, outside dimensions, we shall have 
9% +934+26 +25 or 25 inches of core leg. The 
section is 2 times 2 or 4 square inches. The length, 25, 
multiplied by the section, 4, gives us 100 cubic inches for 
the volume of this core. As it is always well to err on the 
right side, this core may be taken as quite satisfactory. 
‘The computations for the windings which follow will show 
that its proportions are just right. To determine the weight 
of the core we multiply its volume, 100 cu. in. by .25, as 
each enbic inch of laminated silicon steel weighs approxi- 
mately 1% Ib. This gives us 25 pounds as the weight of 
the iron in the core. 

We may next figure the current in the secondary wind- 
ing at full load, As the potential is to be 5,000 voits, and 
the output 500 watts, we may divide secondary watts by 
secondary volts to find secondary amperes, which in this 
case will, of course, be .1 ampere. In power transformer 
work it is customary to allow at least 1000 circular mils 
of area in the conductor for cach ampere of current to be 
carried. For our purposes, however, the transformer is to 
be used but short time when it is permitted to cool and 
in practice a density of 600 circular mils per ampere has 
been found quite satisfactory and safe. 

As the secondary current is 1 ampere, we find that our 
Secondary conductor must have a area of 600 times .1 or 
‘© Circular mils in order that it may safely carry the cur 
tent. In the back of the book, we find tables giving the 
‘rea of copper wires in circular mils No. 32 is found to 





thave an area of 63.21 and this wire is accordingly quite 
suitable. 

The primary current is next in order. Ata unity power 
factor, the primary watts divided by primary volts gives 
primary amperes. This we find to be 537.63 + 110, or 4.88 
amperes. As the power factor of this type of transformer 
may be assumed to be in the vicinity of 85 per cent, we 
shall have to compensate for this by using a somewhat 
larger current value in the primary. Taking the apparent 
ampercs as 4.88, we may multiply by 1.15 (assuming a 
power factor of 83 per cent.) and we get 5.61, or 5.61 actual 
amperes in the primary winding. Allowing here, also, 600 
circular mils, we find that the primary conductor must 
have an area of 00 times 5.61 or 3366 circular mils. The 
wire table tells us that No. 15 has an area of 3,257 while 
No, 14 has an area of 4,107 circular mils. Following the 
tule of plenty, we may adopt the latter as the correct con- 
ductor to use for the primary. 

We now come to the point that has puzzled more ama- 
tur experimenters than almost any other, . c, the calcula- 
tion of primary turns. Of course, once this number is 
known, the determination of the secondary turns is a simple 
matter. The formula for the primary is not complex, and 
its working requires only the application of ordinary arith- 
metic. 

‘The maximum flux is equal to the density multiplied 
by the area of the core in square inches. The emf, gen- 
erated in the primary winding is: 

444 N Tp 
Ep = —_—__—_—_—__ where 
10 

N—maximum flux. 

Tp—primary turns. 

m—frequency. 
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Ep-—impressed primary voltage, therefore 
Primary voltage X 10° 
T= 
444 XxNXn 

Working this formula, we first determine the maximum, 
flux. As the section of the core is 2 inches, we square this 
to get the area, or 4 inches. Multiplying the area by the 
density per square inch, we find that + times 30/00 will 
give us 120,000 for the maximum flux, N. The primary 
Voltage is assumed to be 110 and the equation therefore 
becomes: 

110 100,000,000 


= 363 4 turns in the primary. 


4.44 120,000 60 

‘As the turns in the secondary are found by the follow- 
ing formula, this calculation becomes simple: 

Es 
Tp X ——— where 
Ep 

Ex represents secondary voltage, and £p the primary 
voltage, 

‘The secondary turns, assuming a secondary potential 
‘of 5,000, are as follows: 

000 
363 = 16,480 turns in secondary. 
no 

‘The space on the core for the primary and secondary 
winding is 2 in. long. Reference to the table of cotton 
covered wire shows that No. 14 D.C.C. wire winds about 
13 turns per inch. As some space is quite essential between 
winding and core, let us make the primary winding 2}4 
ip. wide which will leave a space of 34 in. on either side. In 
244 im. we can wind 0 turns of the primary wire and, ac~ 
cordingly, we shall require 12 layers in order that the re- 
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quired 360-odd turns may be placed. Wound with a few 
thicknesses of oiled paper between layers of wire, the thick. 
ness of the primary winding from inside to outside of the 
coil or solenoid will be rather more than one inch. 

If the transformer is to be operated on 70 volts, as 
from: a rotary converter, the primary will contain 70/110 
as many turns of wire, Working this we find that the 
proper number is 231 turns. For convenience, the primary 
may be made with the full quota of turns for 110 volts, with 
a tap at the 23Ist turn for the 70-volt conection. Like- 
wise, for 220 volts, the number of turns would have to be 
doubled and in this case the wire would need to have but 
half the area. This would be No. 17 wire which has an 
area of 2048 circular mils. For a maximum of tonveni- 
ence and adaptability with a minimum of complication, the 
winding may be of 363 turns of No. 14 wire, tapped at 231 
turns, and then upon the No. 14 wire will be placed an 
additional winding of 363 turns of No. — wire with its 
Sporting end joined 10 the finishing end of the first winding. 

his primary permits the transformer to be used on 70, 
NO. and 220 volts without any change other than a simple 
connection. 

The secondary turns we know to be 16,480. No. 32 
enameled wire is suitable for this winding and this wire 
winds 112 turns per inch. Suppose we make cach layer of 
Secondary wire contain 230 turns; this will bring the width 
just over 2 inches which allows a good space for insulation 
from the core. Seventy-two layers of wire will give us 
16.500 turns which is near enough to the stipulated 16,480. 
Perhaps for the sake of having finishing and starting turns 
‘cutie on opposite sides of the winding, it may be well to 
wind but 71 layers which will give 16.230 turns, ‘This pro- 
colure is allowable and, indeed, preferable, as the difference 
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of a hundred-odd turns in the secondary will have no ap 


preciable effect upon results, 
The calculations fur the weight of primary and second- 


ary wire arc obvious. If the coils are wound upon round 
forms, as they may well be, the average length of turn is 
easily determined and multiplied by the total number of 
turns. This reduced from inches to feet gives, on compari- 
son with the wire tables, the weight of the wire in pounds, 

Induction Coits.—In places where the 110-volt lighting 
current is not available, a battery of gencrous propostions 
may be made to produce a high frequency current through 
the medivm of an induction coil in place of the alternating 
Current transformer. The col for this work should be con 
structed expressly for the purpose of charging condensers 
and its design is radically different from that of the con- 
ventional coil built to produce a long and stringy spark. 

While almost any coil will give some results, the 
Sreater effects will be shown with a coil having a comparae 
tively short and thick core and a secondary winding of 
rather coarse wire, as secondaries go. The secondary 
should be bunched near the center of the core rather than 
spread out over the entire length. The primary should be 
wound, preferably, with two small wires in parallel rather 
than with one large wire. This method permits of a closer 
winding and the inside diameter of the secondary may, ac- 
cordingly, be made smaller. 

'e secondary coils should be layer wound and not pie 
Wount. Ina large coil, from four to cight sections of layer- 
Wound coils will give ample insulation as the potential is 
not nearly so high in this type of coil as is the case with 
the type built for X-Ray work. The individual sections 


may be impregnated with a mixture of equal parts of rosin 
and beeswax, 


Induction Coil Design —The design of the coil for con- 
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‘denser charging may be summed up in a few words, We 
‘cannot calculate the different parts so nicely as we did for 
the transformer and our design must of necessity be 4 prod- 
uct of the “rule-of-thumb” school; that is, for the practical 
purposes outlined in this book. The core should take a cer- 
tain fixed proportion and this may be stated as follows: 
The length of the core to be not greater than eight times 
its diameter; that is, a core eight inches long would be one 
inch in diameter, and so on in proportion. The number of 
turns in primary and secondary are dependent upon the 
voltage at which the coil is to be operated, the speed of the 
interrupter, etc., and, as the specifications given in this 
book are culled from practical experience, it is useless to 
attempt an explanation of the process through which this 
data was obtained. 

Kicking Coils—The kicking coil is a simple solenoid 
of comparatively coarse wire enclosing a core of iron wires 
tightly packed. It is preferable to the induction coil, with 
its primary and secondary, for use on 110-volt direct cur- 
rent circuits where a transformer cannot be used. 

The design here is also a matter of experimental work, 
and no attempt will be made to expound the theory. Com- 
plete specifications are given in succeeding chapters on the 


construction of the various outfits in which kicking coils are 
satisfactory. 
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THE OSCILLATION CONDENSER, 


‘The function of the high potential condenser in a set 
of high frequency apparatus is to take the high tension cur. 
rent from the transformer or induction coil, store it up 
until the “condensed” energy reaches a certain critical 
value, and then discharge the current across a suitable spark 
gap, thereby setting up electrical oscillations which consti. 
tute what is called the high frequency current. In its 
simplest practical form, the condenser consists of two 
sheets of tinfoil separated by a shect of paper. Such a con. 
denser will have a certain electrostatic capacity designated 
by the word “microfarad” or fraction or multiple thereof. 
The single sheet of paper with its foil coatings will have a 
capacity of but a small fraction of a microfarad or mfd. as it 
is abbreviated. By placing sheets of paper and tinfoil alter- 
nately in a pile and connecting the alternate leads from the 
foil in multiple, a condenser of practically any desired ca- 
Pacity may be made, the capacity increasing in direct pro- 
Portion to the number of little condensers connected in 
multiple. On the other hand, if we take two identical con- 
densers and connect them in series, the pair will have but 
half the capacity of either unit. 

High Potential Condensers.—If a high tension current 
were impressed upon the simple condenser just described, 
the paper insulator or “dielectric” would not stand the 
Strain and the current would puncture the paper. There- 


0 
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fore, in order that the high voltage current may he used tw 
‘store a large amount of energy in a condenser, the diclectrie 
must be made of some material possessed of exceptionally 
good insulating qualities, Glass and mica are perhaps the 
Best adapted to the purpose of the amateur builder, An air 
‘condenser is good as is also a condenser the plates of which 
are held in a tank of oil; these latter types are difficult and 
‘expensive to build, however, and they are, moreover, very 
cumbersome and heavy. 

For permanent installations, where the apparatus need 
not be moved about, a modification of the latter type is 
excellent. Dy building first an ordinary glass plate con- 








Fig. Single plote of glase coated on both sides with tin foil 


denser and then immersing it bodily into a tank of oil, al! 
brush discharges, which represent leakage and waste, are 
eliminated. 

For most purposes of the amateur or experimenter, 
however, the simple glass plate condenser is quite satis- 
factory. Old photographic negatives of the 8 by 10 in. 
‘Size may be had for the asking in many professional pho- 
tographers’ establishments. This glass is of the finest 
quality available in the open market, and it is certamly to 
be preferred to the ordinary window glass that is frequently. 
used for that purpose. 

Mf the 8x10 negative glasses are coated on both sides 
With tin foil cut into 6x8 in. pieces, each plate or separate 
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‘condenser will have a capacity of approximately 001 mid, 
These plates may conveniently be grouped up into units of 

ten plates cach, each unit therefore having a capacity of 

(01 mid. By assembling any desired number of units into 

‘a suitable case of rack, the correct capacity for the appara- 
tus under construction will easily be provided. 

The tinfoil plates may be secured to the glass by means 
of quick-drying gold size, which is a varnish, or the foil may 
be applied after the glass has been given a very thin coat 
of beeswax applied when the glass has been heated gently 
over a flame or in an oven. In either event, it is well to 
apply the foil in a slightly larger size and trim afterwards, 
As the foil comes in sheets 64 x 8% in. this is easily done. 


Fig. 12—Ten plates of lass built wp inte a woit with alternate tugs connected 
. sa malipie 


When the foil has been secured on both sides of each 
Piece of glass, the units may be assembled with strips of 
thin copper ribbon placed alternately projecting to right 
and left between the plates of the unit. These lugs, of 
course, provide the means of connection. The unit is then 
bound with linotape at top and bottom, the lugs folded 
around lengths of flexible lamp cord and soldered, and the 
entire unit immersed for two hours in a molten compound 
‘of equal parts of beeswax and rosin. When this mixture 
‘cools, it will form a solid, non-hygroscopic seal for the unit 
‘of the condenser, preventing brush leakage, and excluding 
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moisture. This procedure is to be followed in the con- 
struction of every condenser described in this work with 
the exceptions specifically noted. 

Mica Condensers.—The use of mica as the diclectric for 
the condensers of portable high frequency apparatus cannot 
be too strongly recommended. The material is light in 
weight and it is possessed of electrical properties that ren- 
der it admirably adapted to the purpose. Electrical mica 
is costly, however, and as the size of the sheets increase, 
the cost goes up in proportion; but the price is not pro- 
hibitive if light-weight is an important consideration. The 
mica may be obtained in small sheets of almost any desired 
thickness. The method of assembly is identical with that 
of glass. 


Fig. 14--One setinn of moulded condenser 


Moulded Condensers —This type of condenser is not 
within the reach of the amateur constructor's shop equip- 
‘ment as its manufacture requires the use of very expensive 
dies and presses capable of exerting enormous pressure. 
The moulded condenser may be purchased outright, how- 
‘ever, in sections having a capacity of 002 mfd. each. 

‘The moulded condenser is mechanically strong—in- 
deed, it is practically unbreakable. The conducting mate- 
tial is of copper in sheets approximately five inches square 
and these sheets ate completely scaled into a solid block of 

hard, waterproof, and practically heatproof composition 
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that forms also the dielectric between the plates. Such a 
condenser is ideal for the portable outfit for use on the stage 
or where great ruggedness is essential. Each section 
weighs approximately 2 Ibs. and an entire condenser of 
02 mfd. capacity would weigh but a fraction over 20 Ibe, 
‘The outside dimensions of cach unit are 614x634 in. while 
the thickness is about 17 in. 





CHAPTER V. 


THE SPARK GAP. 


The function of the spark zap is to provide a cap he- 
tween suitable metal electrodes for the high potential cur- 
curent stored up in the condenser to leap across, thereby 
setting up the etectrical oscillations. The gap, in its 
simplest form, is a pair of zinc cylinders placed end to end 
and insulated from each other; a means is provided where- 
by the distance between the electrodes may be adjusted to 
the necessary point. This adjustment may be provided 
conveniently by threading the rods of zinc and supporting 
them in standards in which tapped holes have been pre- 
pared. A large knob or disc of fibre on one clectrode en- 
ables the operator to make the adjustment while the current 
is passing. 

This simple gap is open to many objections when the 
higher powers are encountered, although it is quite sat- 
isfactory for use with the induction coil sets or small trans- 
former outfits. On transformers 34 k.w. or over, the 
simple gap quickly becomes heated to cxcess and the op- 
ration is unsatisfactory. An improvement is afforded by 
Placing radiators on the electrodes to aid in the dissipation 
of the heat as it is formed. A further improvement is the 
use of larger electrodes of zinc and a step still further is 
taken if the electrodes are made of nickcl-steel; owing ta 

the difficulty of work this substance, however, it is not 
sonsidered within the reach of the experinienter. It is 


st 
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sometimes possible to obtain the nickel-steel rod in suit 
able lengths, however, and, in this event, it should most 


certainly be employed ‘ 
If an°air blast is directed against the electrodes and 


into the gap, the operation will be improved materially. 
The current of air serves not only to cool the electrodes 
but to wipe out any arc that may tend to form. 

‘The Rotary Gap.—In this type of gap, one clectrodé 
is stationary while the other rotates past it a certain num- 
ber of times per second. The various modifications of this 
simple rotary gap are bewildering to contemplate and no 
attempt, will be made to describe all of them. Suffice it 
to say that the rotating member may consist of a single 


stationary spark gape The type at the right is Sted with 
ie dines Co laspate the beat genetated by the apark 


dise of metal from the periphery of which pieces have been 
cut to form teeth; or it may be a disc of metal with me- 
tallic studs fastened to it to form the rotating electrodes; 
or it may be a disc of insulating material with metal studs 
Passing enirely through it near the periphery; in the last 
instance, the stationary electrode will be in duplicate, with 
‘one on either side of the revolving disc. 

The advantages of the many types are mechanical 
tather than electrical. The builder, in selecting a certain 
type, will have to consider the limitations of his shop equip- 
ment. One is about as good as the other so far as results 
re concerned, and almost any rotary gap is better than 
ven a good one of the stationary form. 
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The number of studs or sparking points required will 
depend upon the diameter of the rotor disc and the speed 
sereieh it is to be driven. The number of studs and the 
Speed govern the tone or pitch of the note imparted to the 
spark. With 12 points and motor running at 1,800 RPM 
the tone of the spark is musical and pleasant to the ear: 
this is in striking contrast to the crackling or crashin) 
spark of the stationary gap. While this feature is of 
greater importance in the case of radio telegraph apparatus 
than with demonstration coils, still the pleasing musical 
note makes a good impression upon the audience, 

‘The distance between the rotating and the stationary 


Fig. 15—Simple rotary ep 


electrodé should, in general, be as short as possible with- 
out striking. The gap should certainly be adjustable by 
Small degrees and the adjusting mechanism should prefer- 
ably employ a screw with an insulated knob in order that 
the spark gap may be varied while the current is passing. 
Labia Quenched Gap—By making the spark gap elec- 
trodes very massive, facing them off very accurately in a 
etht Providing large radiation surface on each electrode, 
and, finally, by supporting the electrodes in such manner 

‘at the separation of their faces is but a few thousandths 
oF perhaps hundredths of an inch, we have what is com- 
‘monly termed the quenched gap. The large mass of metal 
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tion surface tends to dissipate the heat as fast 

sire produced and the condenser discharge takes the 
By te ae carl 
furges, The large surface and the short gap increase the 
fatal number of discharges per alternation of the current 
Je one or two per alternation to several hundred or per- 
haps a thousand. ‘This docs not means that the frequency 
lL the current is affected by the quenched gap character- 
fstics just mentioned. The frequency of the oscillations 
inay be just as high in the ordinary gap but the groups 
ar trains of oscillations, or perhaps we had better say the 


Fig. 18 Simple form of quenched aap 


Groups of condenser discharges, may occur many more 

times per second, or per alternation of the current, in the 

quenched gap. That is to say, the condenser becomes 

charged and discharged many more times per second, while 

the frequency of the oscillations in each separate discharge 

may remain fixed. 

‘The advantages of th: fold whil 

n intages of the quenched gap are manifold while 

the difficulties identified with its construction and use are 
5 numerous. The quenched gap requires good 

(eek Bad good workmanship. In operations, it is likely 
‘ome overheated and its operation will then be un- 
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steady. It is heavy as compared with the ordinary gap 
and it is costly 

To counterbalance the disadvantages enumerated, we 
may say that the results obtained from this form of prap 
are remarkable. The high frequency discharge from a 
Tesla or Oudin coil operated with it is astonishing: in- 
stead of the thin, wiry discharge or spark, we get a flaming, 
white discharge that can best be compared with the flame 
from a very high potential, low frequency transformer. 
The high frequency discharge is not silent, however, but 
it partakes of a Joud, crashing hiss. For electro-therapeutic 
work, the quenched gap is splendid, providing it is properly 
designed, built, and cared for. The X-Ray current is pare 
ticularly energetic and for auto-condensation, where a high 
discharge rate is imperative, the milli-amperage may rench 
1400 without great discomfort to the patient. So, the 
reader will see that even with all of its many troublesome 
features, the quenched gap is well worth building, if for 
purposes of experiment only. 

‘The Rotary Quenched Gap—For radio telegraphy, a 
high pitched note is highly desirable as this spark can be 
distinguished from the atmospheric crashes and other ex- 
taneous sounds so often heard in the telephones of a 
radio receiver. The ordinary rotary gap gives this note an‘! 
Works well. The S00-cycle alternating current sent into 
3 special transformer and used to discharge across a 
Awenched gap works even better but the S00-cyele cur- 
tent is a thing not to be attained by the average experi- 
tenter, Along-came a chap a few years ago with a cam- 
bination of quenched and rotary gap that threatened to dis- 
place the SO0-cycle sets for, by means of his transmitter, 
the ordinary 60-cycle current could be sent into the ap- 

Fats and be made to produce a clear-cut musical note 
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with every possible advantage of the quenched gap and 
with many additional advantages as well, 

Tn the rotary quenched gap, the rotating clectrode 
takes the form of a large copper disc having radial slots 
fnilled across its surface and thus leaving wedge-shaped 
Inembers of copper protruding for the sparking surface. 
‘The stationary electrodes were two in number, each form- 
ing a semi-circular piece of copper with radial slots and 
projections to correspond with the rotary member. ‘The 
Jatter was placed upon 2 shaft and mounted in suitable 
bearings so that it could be held with its face but a few 
thousandths of an inch from the stationary members, and 
rotated at a high rate of speed. Here we have the true 
quenched gap, subdivided into a series of discharge points 
which, when the disc was rotated, split the condenser dis- 
chares into groups which were clearly defined and which 
imparted the beautiful musical tone to the spark. 
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OSCILLATION TRANSFORMERS, 


The function of the oscillation transformer is to take 
the oscillatory current set up by the discharge of the con- 
denser across the spark gap, and increase it from a poten- 
tial of a few thousand volts to practically any desired po- 
tential. While the principle is exactly the same as that 
involved in the ordinary low frequency transformer, the 
high frequency type is possessed of a few characteristics 
peculiarly its own. For instance, the primary winding of 
the oscillation transformer may have from one to ten turns. 
of very thick copper conductor in it; in this short and very 
low resistance winding, current oscillates at a potential 
of several thousand volts. The secondary of the os 
lation transformer may contain but a single layer of wire, 
with a total number of turns running into hundreds 
instead of thousands or tens of thousands as is the case 
with the low frequency type; but in this short secondary, 
with its few turns, may be induced an immeasurably great 
Potential—a voltage running into the millions. The third, 
and perhaps the greatest, distinguishing feature of the os- 
cillation transformer is the fact that it has no iron core ; the 
Presence of any iron whatever is detrimental to the action 
of the device. 

_ Various Types—Considerations of voltage, current, 
weight, frequency, and the various factors of this nature 
*nter into the design of the oscillation transformer. The 
windings may be insulated by air space, oil, wax, or pe- 


o 





OSCILLATION TRANSFORMERS on 


trolatum, The primary may be an open helix of bare cop- 
‘per bar, strip, ribbon, or tubing, or it may consist of a coil 
Pf neavily insulated cable. The secondary may be wound 
jaa single layer upon a cardboard or wooden cylinder, or 
upon a wooden cage, or it may be wound in a series of nar- 
tow layers on insulating paper or cloth. The sccondary 
may also be in the shape of a cone or a flat spiral resemb- 
Ting a spider web. 

Oudin and Tesla Types—Oscillation transformers may 
be broadly classed under these two headings, The Oudin 





Fig. 17—Wiring diagram for Oudin coi 


coil is in reality an auto transformer, i. ¢., its primary and 
secondary are connected together at a neutral point which, 
in the case of high frequency apparatus, should be 
krounded. In the Tesla coil, the only connection between 
the primary and the secondary is an inductive one; the two 
windings are separate and distinct. (Sce Fig. 18.) 

‘The third type that should be mentioned, as it is per- 
haps the most practical of all, is a combination of the Tesla 
‘nd Ouslin circuits. This consists of two Oudin resonators 
placed side by side and having their ground connections 
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joined with a cable which places the two primaries in 
feries, The oscillation circuit is, of course, through both 
primaries, Still a further modification of this circuit is 
made by placing the two resonators base to base as shown 
in Fig. 20, This makes virtually a Tesla coil of the pair, 
the only distinction being in the grounded nentral pi 
‘Advantages of Various Types—The Tesla coil gives 
the longest spark between points of any of the varions 
types. This coil is difficult of construction, however, and in 
mechanical design it is fundamentally poor. ‘The greatest 





"ie IR Wiring diagram for Tesla coil showing tranformer, spark ap aml 
Neon 


Problem is to support the primary and secondary and still 
Prevent leakage of the current. The combined type, 
20, or the style shown in Fig. 19, will overcome this 
culty but a slight loss in results obtained. 
(fs tees coil gives an enormous brush discharge 
m its single terminal. In a large coil, the streamers of 
Purplish fire dart out like the branches of a tree to 9 
tance of several feet in all directions. Such a coil, properly 
| Proportioned and carefully built will give splendid results, 
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‘The construction is simple and the design strong both elec- 
trically and mcchanically. For portable purposes, the 
Oudin coil is the ideal type to use, particularly if it is de- 
sired to keep down weight and bulk and to have apparatus 
that will stand the hard knocks of road work. 

Proportions of Coils—In the actual construction and 
subsequent use of some dozens of different types of high 
frequency coils, the author has evolved a few simple rules, 
which, for some inexplicable reason, appear to give the 


Fie 1%—Tee Oodin renmators placed side by side to preface very lng sparks 
Pass-word to the realm of successful coil building. While 
there is'a perfectly good method by means of which these 
oils may be designed “on paper.” through the medium of 
various formule, all more or less complex, the average 
Practical worker in this field will admit that the time-worn 
tule of thumb” method is poscessed of certain advantages 
in this case as in others, particularly when the results of 
Grule of thumb” calculation are carefully noted and the 
metliocre designs eliminated from future consideration. 
___ With this brief explanation or, perhaps, apology, for 
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the use of the much used—and abused—rule of thumb, 
we may proceed to look into the actual design of oscilla. 
tion transformers of various sizes and for various pur 
poses. Without attempting any explanation of the reasons 
therefor, the author may state that, in his experience, the 
secondary of the Tesla coil should be wound upon a cylinder 
the Iength of which is three times its diameter. The Oudin 
resonator secondary should be wound upon a cylinder hav- 
ing a length slightly less than twice its diameter. Apply- 
ing this simple rule, a Tesla coil with a secondary 12 in, 
in diameter, would be 36 in. tong. The Oudin coil would 
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Fig. 20—Two Owlin reonators place! hate to hare 


be about 22 to 24 inches high if its ‘diameter were 12 ins. 
‘This rule applies only in the case of truly cylindrical sce- 
ondaries, 

‘The number of turns of wire on cylindrical Tesla coil 
secondaries should be in the proximity of 800, while the 
Oudin secondaries may contain from 400 to 600 turns for 
long sparks and from 100 to 300 for shorter and heavier 
speparges. | This rule has been found to follow in the case 

cither large or small coils and the figures given have 
been taken from charts giving the effective windings for 
‘A great many coils. 
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‘The cone-shaped coils are particularly effective as they 

are theoretically correct in design. The proportions for 
may vary from a perpendicular equal to the diameter 

Sf base to a perpendicular 1.5 times diameter of base. ‘The 
fatter is better for long sparks. The windings of cones 
should contain from 100 to 500 turns of wire for short and 
thick, or long and comparatively thin sparks, respectively. 

For the very closely coupled coils such as the pancake 
form, where the winding is in layers, and the coil sealed 
in, the number of turns may run up as high as 1500 to 2000 


























Showing proportions for Tesla and Oudin secondaries of any 


turns, The coil is of comparatively small diameter in this 
event. The layers of wire should never be very wide a8 
the insulation will not hold up. 

The conductor for the secondary windings of all types 
9f oscillation transformers should be of soft, pure copper 
wire. The insulation may be of cotton or silk but not of 
enamel. The use of the latter for high frequency secon- 
daries has given the author great disappointment in the 
construction of several large and comparatively expensive 
coils. The insulation on the wire is of no value whatever 
‘except to provide a mechanical separation for the turns 
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‘of wire and to form a base or support for whatever in- 
‘gulating substance is applied to the wire subsequently, 
Secondary Insulation—One fact stands out promi- 
nently after the worker has built and experimented with a 
ils, No solid insulation of any kind is of the slizi 
when working with high frequencies and very high 
potentials; glass, hard rubber, mica, empire cloth, and even 
paraffin wax seem actually to help the current to pass. 
The terminals of a coal may be separated beyond sparking 
distance in air and when a piece of heavy plate glass is 








Fig. 22.Proportions for cone-shaped secondaries of any site 


interposed, the discharge immediately starts to wind its 
way over the surface of the glass, finally piercing the plate 
as if it were of cardboard. Therefore, let the uninitiated 
ee = this fact in mind: That to attempt the insula- 
sy at he 'e Tesla primary from the secondary by means of 
tao, of the old reliables in the case of the ordinary induc- 
coil, is the height of folly in the case of the high fre- 
Gwency coil. Liquid oil, freed from all moisture, is the 
Hr eebest insulator for these high frequency currents. It 
ieavy and sloppy to handle, however, and its use pre- 
the possibility of obtaining the beautiful brush ef- 





OSCILLATION TRANSFORMERS, oa 


fects from the secondary in the air. Next to oil comes a 
mnisture of beeswax and rosin in equal parts. This seems 

fo be practically the only solid, or nearly solid, insulating 

‘pctance that will stand up under the strain. Last of all 

Simes air. We say last because the air insulation must 

be greater in extent than either of the predecessors; but 

notwithstanding this fact, the air insulation is the one 
Cheap, light-weight, and absolutely reliable insulation that 
the high frequency worker has at his command. A separa- 
tion of a few inches more, perhaps, between primary and 
secondary, but a mechanically and electrically good con- 
struction, and, what is more, accessibility of all of the parts 
at an instant’s notice, is the significant list of advantages 
possessed by this insulating medium. 

(On air-insulated coils, the secondaries should be wound 
with a space between each turn and its neighbors. This 
space will depend upon the potential to be sct up at the 
top of the coil and ordinarily the separation should be about 
the width of the wire itself. Bare wire may be used but 
it is not recommended. Double cotton covered wire has 
been the choice of the author after many experiments te 
determine the relative merits of all known coverings. The 
double cotton covering forms an excellent base te soak 
up shellac which, when applied in a half-a-dozen coats, and 
thoroughly dried out, has been found to seal up the turns on 
the open cylinder, preventing in large measure, the leakage 
between the turns when the coil is operating at full power. 
‘Theoretically the winding of the secondary should start 
with turns close together at the base, the separation grad- 
wally widening out as the top or high potential end of the 
toil is reached. This method of winding is impracticable 
for the average amateur constructor, however, and he must 
ees resort to the next best expedient of making all turns 
sufficiently separated to take care of the potential. 
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Oil and Wax Insulations—The oil insulated coil may 
be very closely coupled; that is, the primary may be but 
slightly separated from the secondary. The case or con- 
tainer for the coils may be of wood, lined with zinc. ‘The 
cover, of course, must be of some good insulating material 
such as glass, hard rubber or marble. Slate should not be 
used as the minute metallic veins found in some varieties 

Il be ruinous to the output of the coil. The high poten- 
tial leads from both primary and secondary may be brought 
up through porcelain, glass, or hard rubber insulators at- 
tached to the top of the case and extending down into the 























turns 


Vig, 23—The turns of wise in he secondary should he spaced 
‘insiaton Yor the extremely” high potential 


__ The compound of equal parts of beeswax and rosin pre- 
Yiously mentioned is used to seal in the pancake coils of 
Portable electro-therapeutic outfits where every effort must 
be expended in the direction of light weight and compact- 
ness. This compound is melted up in a double boiler, as 
the insulating properties are ruined if the mixture is per- 
mitted to scorch. The pancake coil, which is specifically 
described later in this book, is immersed in the hot com- 
(ieee ipstrsite to sak for hours a the siotiens 

7 a3 impregnat. 
et 
The advantages of the close coupling of primary and. 
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made possible through the use of some better 
icone ale ee eats ciy ote 
inetjation transformer constructed in this way. The spark 
eelicker and hotter, a5 well as being of the desired length. 
Ait quality is to be desired in X-Ray work in particular. 
Far demonstration apparatus, however, the builder can do 
fo better than use the air insulated coils. 

‘Constructional Features—The simplest Tesla or Oudin 
coil to make is that in which the secondary is a c 
cteardboard such as-@ large mailing tube, or a tuning coil 
ylinder, wound with a few hundred turns of insulated mag- 
het wire, The primary may consist of a few turns of cop- 
per ribbon wound into a Spiral with the turns separated by 
a strip of corrugated board such as is used for packing 
purposes, the whole being secured with tape at four or five 
points on the spiral. 

From this simple start, larger coils may be developed 
‘along similar fines, Cardboard cylinders may be purchased 
in sizes as large as $x 13 in. and larger ones may be made 
to order. Very large cylinders should be made of wooden 
slats pegged with wooden pegs to wooden discs of the de- 
sired diameter. 

Primaries may be of almost any heavy conductor avail- 
able. “As the tendency of the high frequency current is to 
travel upon the surface of the conductor, it is highly desir~ 
reas eats primary be made either of flat ribbon or strip 

, OF else of copper tubing of relatively large diameter. 

bine conductor is excellent and if ae preci number 

turns is known and no tuning necessary, the builder may 
use heavy stranded cable with excellent results. 

‘The ideal primary conductor is copper strip or bar, 
ee into an open helix. Such a primary may 
Pe made compact and mechanically strong and itis splendit 

ical standpoint. This conductor permits of 
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closer coupling without danger of sparking from secondary 
to primary. The edgewise wound strip is difficult to make 
as the reader may well imagine. The mechanical problem 
involved is a real one and for the few turns the average 
worker will require, to construct a winding rig would he 
out of the question. The strip can be purchased ready 
wound, however, in three convenient sizes, and its use is 
specified in the construction of several coils in this work. 





CHAPTER VII. 


INDUCTION COIL OUTFITS FOR BATTERY 
CURRENT 
Of all the experimental apparatus within the reach of 


the amateur builder, none can compare with the high po- 
tential, high frequency transformer when it comes to a 


question of demonstration or entertainment. A simple 
card-board cylinder, wound with a few hundred turns of 
magnet wire in one layer, set on the top of the helix of his 
wireless set will give the experimenter a spark several 
inches long. This spark he can play with to his heart's 
content for it is perfectly harmless. Taken through a piece 


of metal held in the hand, the current produces no shock 
whatever even though the voltage may be expressed in the 
thousands, This is explained by the fact that the current 
changes its direction of flow so rapidly that the nerves can- 
‘hot transmit the sensation of pain and the muscles cannot 
Tespond to the pulsations. 

Induction Coil Apparatus—The experimenter who 
‘numbers among his possessions a spark coil suitable for 
tadio telegraphy, may delve into the mysteries of high 
Potentials, and high frequencies without spending any great 
amount of money for the extra apparatus needed. If he 
has the coil, he will most likely have also a spark gap and 
high tension condenser. 

_,, With this equipment to start off with, the experimenter 
will have only to add a simple Oudin resonator to his outfit 
‘in order that he may play with the sparks for the entertain- 
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ment of his friends and himself. The resonator can p@ 
‘built by any worker who has made a tuning coil. A card- 
board cylinder from 2 to 4 in. in diameter and twice its di- 
ameter in length may be fitted with the usual wooden heads 
and given a coat of shellac. When the latter is quite dry, 
the cylinder may be mounted between centers in a simple 
winding rig such as is shown in the illustration, The cyl- 
inder, turned away from the operator by hand, is then to 
be wound full of double cotton covered wire which may be 
of any size between 34 and 28 B. & S. gauge. 

‘The completed secondary is then to be coated with 
several applications of shellac, each layer being permitted 


Wooden Baad in iter End of Glider. 


Length af Cardboend Cinder 
‘feb eboot trae ts Deaeter 


Fig. 24 —Candboard . foe secondary of oxilation 
erlinder and wooden heads for secondary of 


to dry thoroughly before the next is applied. When the 
final coat is hard, the secondary may be mounted upon a 
simple wooden base by means of screws passing up from 
‘beneath and into the lower wooden head. The lower end 
of the winding is carried down through the base to a ter- 
minal which will be “ground.” The upper end of the wind- 
ing terminates in a rod carrying a brass ball at its tip. 
This ball and rod may be taken from the clapper of an old 
electric bell, or, the ball may be a large leaden shot of the 
‘Variety known as “buck shot.” ¥ 
The primary is composed of twelve turns of very heavy. 
pper wire such as is used for the transmitting helix in a 
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1e wire is wound upon dowel rods set up 
ee ay on ne 
hould be so placed that the inside diameter of the primary 
Winding is 134 times the diameter of the secondary. The 
ing of heavy wire should cover 3 of the height of the 
Secondary cylinder. If the induction coil used to excite 
this oscillation transformer is of large size, the secondary 
may send sparks into the primary. In this case, the pri- 
mary must be made larger in diameter. The directions 
hore have been for a comparatively close-coupled coil as 








Fig. 2.—Apparatus for winding secondary of oacillation transformer 
that type will give maximum results with the usual wireless 
spark coil. 

aq rit lowest turn of the primary helix is to be connected 
with the ground terminal to which the lower end of the 
Secondary winding is attached, The wiring diagram is 
Riven in Fig. 27, and the reader will notice that the spark 
ap is connected across the secondary of the spark coil; the 
‘onilenser and primary of the resonator are in series across 
the spark gap. When operating the coil, try various ca- 
Pacities of the condenser, a variation of the turns of the 
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,. closing up or opening the spark gap, etc. A few 
trials will bring the circuits into resonance and the ball at 
the top of the resonator will give out beautiful streamers 
of purplish fire. If a piece of metal is held in the hand 
and approached to the ball, a spark several inches lone 
will jump into the metal without the operator feeling the 
slightest sensation of shock. 





| 


qT 





Fit, 26 and 27—Date for small Ondin resonator and alagram connection 
AG Induction Coil Construction.—In the event that the ex- 
aeMee Mag ts Rot the possessor of an induction coil giving 
eee ‘ot spark, he will need cither to buy one outright or 
“earns hare in his home workshop. The latter 
permi: le if he is fairl naticr 
exbael is a fairly careful and patient 
Be ‘The data given in this chapter is for the construction 
4 coil built expressly for radio and high frequency work 
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different in windings and proportions from 
eos Sey coil that is intended primarily to give a 
long spark. The coil to he described is not rated in spark 
Jength but in watts capacity. Through the use of a suit- 
able interrupter, this coil may be operated at 10 volts and 
10 amperes continuously. The secondary winding is of 
comparatively low resistance, thus it is well adapted to the 
purpose of charging condensers. ‘ 

Core and Primary.—The core of this coil is a bundle 
of soft iron wires tightly compressed into a cylinder 12 in, 
jong and 1%4 in, in diameter. The core wire can be pur- 
chased ready cut and perfectly straight so that its formation 
into a cylinder is a simple matter. Given the necessary 





Fig. 28—Core with tape binding sorted 
amount of straight iron wires, the builder grasps the bundle 
The silk is tough and strong and the worker will be enabled 
to preserve the solidity of his bundle as he removes the 
binding wire sand replaces them with the silk wrapping 
with both hands and with a twisting motion forms the wire 
into a compact cylinder. A picce of 
around the middle of the core and twisted. Another is 
‘aided at each end. ‘The twisting operation is then con- 
, taking up the slack in the binding wires by twisting 
the ends with a pair of pliers. Soon the bundle will be per- 
fectly straight and hard. 
ing at one end, the binding wires may be removed 
and 2 winding of silk ribbon started spirally over the core, 





When the entire core is covered, the final turn of ribbon 
‘may be held with shellac and a few turns of thread taken 
over the end to insure permanency. The whole core, with 
its wrapping of ribbon, is then to be suspended in a trough 
filled with thin shellac. A submersion of an hour will have 
served largely to fill the interstices between wires and to 
soak the ribbon thoroughly. The core is then hung up to 
drain and dry. The latter operation will take the best part 
of 24 hours. When the shellac is hard, the core will be 
almost as solid as if it were of one piece of iron, and it is 
then ready for winding. 

The primary is in two layers. The end of a spool of 
No. 14 D.C.C. magnet wire is placed under a loop of the 





Primer gating 
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Fig, 29.—Cove and primary, showing how finishing end of primary winding is held 
nist a leop st ge = 


silk ribbon on the core and the winding started by turning 
the core with both hands. The second turn of wire grips 
the ribbon loop and thus secures the starting turn. The 
first turn should start at a distance of onc inch from the 
end of the core and the first layer ends at this distance from 
the other end. The second layer of wire is wound upon 
the first, with a layer of empire cloth between. The fin- 
ishing end of the primary winding is secured with a loop of 
hed the ends of the loop being pulled tight after the 

. has been covered by the last three or four turns of 
the winding. The entire Primary is then to be wound with 
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ibbon in cxactly the same manner as the core and 
Neat bon i ie eads come out should be wound with a 
ansaber of turns of strong thread to prevent the possibility 
sethe atarting and finishing tuens coming loose. The en- 
Gee tere and primary is now to be immersed in a compound 
Steaua parts of beeswax and rosin, melted in a double 
Reiter co prevent scorching. An immersion of an hour or 
tuo will suffice when the coil may be removed to drain and 
ol. 
eeenasulation—When the primary has cooled, it may be 
covered with four layers of micanite shecting. This svb- 
Stance is built-up mica made into a ficxible sheeting about 
Ye in, thick, Very thick shellac is liberally applied as the 
wrapping proceeds and when the final turn of the micanite 
ig taken over the primary, the whole cylinder should be 
temporarily wrapped with tape until the shellac dries out 
thoroughly. When this is at last accomplished, the struc- 
ture is to be placed in an oven until slightly warm, after 
which it is stood on end with the lower opening filled and 
the beeswax-rosin compound poured into the space between 
primary and insulating tube. The length of the latter is 10 
in. and an inch of core is therefore left projecting at cither 
end to permit of mounting in the frame to be described. 
Secondary Winding —The secondary is wound in four 
sections, each section being wound in layers upon oiled 
Paper 1% in. wide. The wire is No. 32 S.C.C. Each 
layer contains 112 turns of wire and the width of the layer 
of wire is 1 in.; therefore, there is a margin of 4 in. on 
cither side of the layer of wire. Each section is wound 
in 61 layers and the total turns to each section is accord- 
ingly 6832. The four sections will comprise 27,328 turns 
in consequence. 
‘The secondary sections may be wound cither in a lathe 
or else upon a form mounted in a simple winding rig such 





“as the illustration suggests. The outside 

imicanite insulating tube over the primary will be approxi- 
mately 244 in. and this shall therefore be the internal di- 
dmieter of the sections. The form consists of a disc of wood 
hailed to one end of a short cylinder of wood and the whole 
jmounted cither in the lathe or in bearing supports as 


shown. The cylinder should be 234 in. in diameter and 


about 2 in, long. 
In starting the winding of a section, the wooden cylin- 
der should be covered with a layer of cord to make possible 








bond 





Fig. Sh —Windingapparaton for secondary sections 
the removal of the scction. The first layer of oiled paper 
may be wound upon the cord which is pulled out after the 
section is finished. In the first paper layer there should 
he six or eight thicknesses of the oiled paper to make a 
mechanically strong support for the winding. ‘The starting 
tnd of the No. 32 S.CC. wire is soldered to a picce of 
thin copper ribbon inserted between layers of paper, and 
the first layer of wire wound until 112 turns have been 
Placed. At this juncture the winding should be an inch 
wide. A layer of oiled paper is then taken over the wire 
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and the second layer of winding placed. This is continued 
ntil 61 layers have been wound. The finishing turn of 
the wire is soldered to a piece of copper ribbon and ten 
layers of paper taken over the wire. The ribbon passes 
between the eighth and ninth layers of paper which hold it 
securely.’ This completes a section which is now to be im- 
pregnated with the beeswax-rosin compound, 

In winding the first scction, the builder is to turn the 
lathe away from him and have the disc-end of the cylinder 
at his left. The winding is to start at the left hand end of 
the cylinder next to the disc, This procedure is also to 

















Fig. 31—Detie of the frame work 
be followed with one more section. When these two sec- 
tions are Wound they should be numbered 1 and 3. The 
winding rig is then to he reversed so that the disc-end of 
the cylinder is at the right. Starting the winding next to 
the disc as before and turning in the same direction, i. ¢, 
‘Sway from the operator, the section under construction will 
‘ound in the opposite direction from the two predeces- 
$05. This section is to be numbered 2 and its companion, 
No, 4,is wound in the same way. The reason for this will 
seen when the assembly starts. 
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‘Assembly.—The frame of the coil is well shown in 
32, The ends of the care fit into holes inte upright pieces 
‘of wood which form the supports for the entire coil, The 
fecondacy sections are arranged upon the micanite tube in 

numbers, starting from left to right. If 
as been done as described, the first outside 
go to the binding post, S*, the inside lead of sec- 

tion 1 to that of section 2; the outside lead of section 2 to 
the outside lead of section 3; the inside of 3 to the inside 
of 4; and the outside of 4 to the remaining binding post. 
The two primary leads are carried to one binding post 
in the base and to one side of the interrupter respectively. 

Interrupter and Condenser—An independent interrup- 
ter is much to be preferred for use in connection with this 
coil, The interrupter may he of the mercury-turbine type, 
the vibrating contact type. or the electrolytic, The last 
mentioned style of break will give the greatest results if 
the interrupter is properly designed and built ; if the worker 
does not care to go to the trouble of making this rather 
delicate device, the construction of which involves some 
rather good glass-working, he may purchase the interrupter 
outright for $225. This price would scarcely cover the 
cost of the materials and the workmanship on thie break 
if the amateur worker were to build one. 

The vibrating type of break will give good results if its 
contacts are of generous proportions and the component 
Part of the interrupter properly designed. ‘The data given 
herewith specifies the use of hard silver contacts yy in. in 
diameter rather than platinum ones of a much smaller size. 
Before we proceed with the description of the vibrating 
terrupter, however, a brief mention may be made of the 
‘mercury-turbine break, which is in many ways the ideal 
type. 

In the mercury-turbine break, a stream of mercury is 
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faised through the medium of a pump and projected in a 
fine stream against a series of metallic vanes with which it 
makes successive contacts. This device is even more diffi 
cult of construction than any of the other,types and no at- 
tempt will therefore be made to describe it in detail. The 
mercury-turbine interrupter costs in the proximity of $9.00 
aind it requires a small electric motor for its operation, It 
may be used on practically any voltage from six to 110, 

The relation of the vibrating interrupter to the rest 
of the coil is shown in Fig. 32, while the details of the in- 
terrupter are given in Fig. 10. Using the reference num- 
bers in the drawing, 5 is a spring of phosphor bronze, 314 
in, long, 1 in, wide and approximately 1/32 in. thick. To 
the end of this spring is secured the armature, 6, of soft 
iton, by means of four small screws. This armature may 
be turned from 3% in. soft iron bar or it may be cut from 
the end of a1 in. rod of the same material, The contact, 7, 
is cut from a piece of y'r in. silver rod, drilled and tapped 
for the small screw that secures it to the spring in the posi- 
tion shown. The stationary contact, 8, is made of the same 
material and it is carried on the end of the 14-20 milled- 
head screw, 9, which is threaded into the stud of silver. 
‘The adjusting screw, 9, is carried by a cross arm of heavy 
brass bar, 10, which, in turn, is supported by pillars of 
brass, 11, at either end. The vibrating spring, 5, is sup- 
Ported at its lower end upon a bar of brass, 12, to which it 
is secured with screws passing through a washer plate. 
‘This construction is essential in order that the spring may 
have a definite point or edge from which to vibrate. 

‘The condenser to be shunted across the interrupter 
should be adjustable. The builder is strongly advised to 
purchase this condenser outright. The task of making up a 
condenser of tinfoil and paraffined paper is a discouragin, 
‘one and the manufactured article can be purchased $0 
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Fig. 42,—Induction coil complete showing relation of component part 
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is not justified in maki 
cheaply that the amateur builder is not jus ing 
coe ‘standard telephone condenser of 1 mfd. capacity 
fe approximately correct in capacity and if four more sec- 
Hone of .5 mfd. each are added, the necessary range of ad- 
justment is obtained. 























Fig. 33 —Detale of the interrupter 

If the builder wishes to make his own condenser, he 

‘may purchase 250 sheets of heavy paraffined paper such 

a8 is used to wrap candies in. This paper may be cut to 
form 500 sheets of paper 8x10 in. in size. The tinfoil 
should be thin in order that cost and weight may not be in 
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ordinaté and it is to be cut into 6x8 in. pieces. These tin- 
foil sheets, with strips laid on alternately for lugs, are 
placed between the waxgd paper sheets in piles of 100 sheets 
cach, The condenser will therefore comprise five units of 
100 sheets to the unit. The specifications given are for a 
condenser of large proportions, but in the author's experi- 
ence, the average amateur builder is not equipped with the 
presses necessary to compress the units to the extent where 
their capacity is large for a given size of sheet. The only 
device of this kind that is within the reach of the experi- 


Fig 34—Dingram of connections for thé induction coil 


menter is a letter press and this implement gives but a 
Small fraction of the pressure used by the manufacturer 
of the standard condenser. 
The diagrams of connections is given in Fig. 34. The 
tion of the connecting wires is not given in the draw- 
ing of the completed coil, Fig. 32, for the simple reason that 
the extra lines would tend to confuse and the builder who 
is capable of turning out this coil will certainly be able to 
Place his connecting wires in a workmanlike manner. 


isp 
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High Tension Condensers.—The condenser for con- 
‘ection across the secondary of the induction coil may be 
made by coating both sides of an 8 x 10 photographic nega- 
five with tinfoil in sheets 6x8 in. in size, Probably but 
two or three of these’condenser plates will be necessary if 
they are connected in multiple. For high frequency coils, 
the condenser will be somewhat larger than for general 
radio work, but the experimenter will not need to make 
more than half a dozen of the 8x 10 plates to insure ample 
capacity: 





CHAPTER VIIT 
KICKING COIL APPARATUS. 


The possibilities of the “kicking coil” type of high fre- 
quency apparatus have long been recognized by manufac. 
turers of electro-therapeutic outfits but, doubtless owing 
to the scarcity of published data on the subject, this simple 
and inexpensive generator of high frequency currents has 
not seemed to come in for its due share of popularity 
among amateur constructors. 

The kicking coil is an oddity to the unini 
trical worker; it is merely a winding of comparatively 
‘cgarse copper wire upon a core composed of a bundle of 
soft iron wires. In this simple coil, which is totally devoid 
of a secondary, is set up a current of sufficiently high po- 
tential to charge a condenser ; this high potential is induced 
at every break of the circuit which permits current to flow 
through the coil, 

Fig. 35 represents a circuit of this nature. The kicking 
coil K is connected at one end of its winding with one side 
of the supply circuit. ‘The other end of the winding goes 
to the vibrating armature of an interrupter. From the sta- 
tionary contact of the interrupter we trace this circuit of 
the primary of a Tesla or Oudin coil and thence back to 
the source of supply. A condenser is connected across 
the break and the primary of the oscillation transformer, 

As the current flowing through the coil is interrupted, 
@ high potential surge is set up. This current enters the 
condenser which discharges its load through the inductance 
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‘and across the interrupter contacts as soon as the latter 
dose up sufficiently for the charge to leap this small air 


‘By making suitable adjustments of condenser and the 
ratio between the turns in primary and secondary of the 
(ecillation transformer, a high frequency current of prac- 
tically any desired, frequency and voltage may be obtained, 
within the limits of the outfit’s capacity. 

‘The greatest merit of this apparatus is its ability to 

te on either alternating or direct current circuits with 
fuerely a slight change in the number of turns in the wind- 





Figs. 35 and 36—Wiring diagrams for the hicking coil apperstet 


ing. While it is an undisputed fact that the “kicker” can- 
not compare with a transformer outfit on alternating cur” 
rent circuits, still it serves admirably in cases where direct 
‘current only is available. 

‘The ideal outfit is, of course, one that will operate with 
‘workable satisfaction on both direct and alternating cu 
rent circuits; the latter to comprise various frequencies 
found in common use. The design offered herewith incor” 
porates all of these desirable characteristics through the 
introduction of a variable condenser and an extra Kicking 
‘coil. The latter is short circuited when the outfit is used 





fon alternating current circuits. Fig. 36 gives a diagram 
‘of the connections. 

This outfit is capable of doing effective X-Ray and 
general clectro-therapeutic work within the inevitable 
limits of the portable outfit. The spark produced is of 
good quality and in length it reaches fully 7 inches, If the 
‘oscillation transformer were to be made larger in diameter, 


End Elevation. 


Fle 57. —Detaie of the sitrating interruner 
the spark length could be materially increased without any 
alteration in the exciting apparatus. 

For the lecturer or the experimenter the outfit is an 
exceptional one. It is light in weight, inexpensive and 
‘simple to build, and, as we have already noted, it is uni- 
‘versal as regards current supply. 

‘The Interrupter—This is the one weak 
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apparatus, While large and claborate rotary contact breale 
appre more reliable in operation, they introduce too much 
Soigne and cost in an outfit of this nature. The next best 
re yably a simple vibrating interrupter with massive 
5 tacts similar to that shown in Fig. 37. 

“The posts for the interrupter should be of generous 
proportions as the drawing indicates. The stock is of 
Propquare or hexagonal brass rod. The latter is preferable 

the worker is possessed of a lathe as it may be conven- 
ently gripped in the universal chuck for cutting, facing off 
and drilling. 








ara) 





Fig. 38 Small choke enit ia detail 


The spring should be of phosphor bronze; the thick- 
ness is preferably in the proximity of 1/32 in. At one end 
of the spring is screwed the armature of soft iron or cold 
rolled steel rod. This is simply formed by cutting of 
3 in. piece of %4 in. rod. A hole tapped into the armature 
takes the short length of 8/32 threaded rod that serves to 
hold the silver contact and armature to the spring. 

‘The contact is cut from a length of yy in. pure silver 
rod. The little cylinder is to be drilled and tapped to a 
depth of ¥ in. to take the 8/32 rod. 

“The stationary contact is so designed that the tension 
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‘of one contact against the other may be regulated to a 
nicety. This is effected through the medium of a fine 
thread on the adjusting screw which is of 36 in. diamete: 
brass rod. The silver contact cylinder is driven into a hole 
drilled in the end of the adjusting screw. The reverse end 
of this screw is tipped with a fibre knob of good size. 

The Choke Coils.—The smaller of these coils, Fig, 38, 
serves a8 a magnetic device to actuate the interrupter. It 
consists of a core of soft iron wires formed into a bundle 
% in, in diameter and 4 in. long, covered with several layers 
of empire cloth; over this is a winding of 1,000 turns of 
No, 22 DS.C. or enameled wire wound 72 turns per layer 











Fig, 39—Large choke coil ia desi 
and 14 layers deep. A turn of empire cloth is interspersed 
between each two layers of wire. 

‘The core is supported between heads of fibre that fit 
Slosely over the bundle of iron wires. A good construction 
is to form a spool of fibre tubing with square fibre heads} 
forcing the core wires into the tube after the winding is 
completed. As the drawing shows, the layers of wire de 
‘Rot come quite out to the end of the layer of insulating 
cloth ; this affords ample protection to the end turns which 
are subjected to maximum potentials. 
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‘The larger of the coils is shown in detail in Fig, 39. 
‘The core is 6% in, long and 7 in. in diameter. The wind- 
ing is of No. 20 D.C.C. wire wound two in parallel. Each 
layer comprises & double turns and there are 14 layers in 
ail. The same rules as to insulation apply as in the case 
of the small coil. 

"The Condenser,—This is of the glass plate variety in 
the present design. If the builder cares to inyest in mica 
plates of the same size, he will effect a material saving in 
space and weight. 

‘The glass to be used is of the variety known as “lan- 
tern slide cover glass.” As the name implies, the glass is 
used to cover the photographic positive in a lantern slide. 
The cover glasses are thin and perfectly free from bubbles 
and the sal defects. They may be purchased from al- 
most any photographic dealer and the standard size is 3x4 
inches. 

For the condenser at its maximum capacity, 200 plates 
of glass will be required. While this large capacity is not 
always in use, still it is essential for certain classes of work 
and it should therefore be provided. 

‘The conductor for the condenser is heavy tin foil. 
This comes in sheets 634x834 in. and 27 sheets weigh 
Pound. For our condenser 200 pieces are to be cut 
3% x4% in., and for this operation a photo trimmer is well 
adapted; lacking this, the foil may be placed on a large 
sheet of glass and cut with a sharp knife. 

‘The condenser is to be assembled into 20 units of ten 
Plates cach. This makes for convenience of adjustment 
Each little unit will have a capacity of approximately 005 
mfd. and the entire condenser therefore reaches .1 mfd. 

‘When the assembly is started the builder should pro- 
vide himself with a small gas or spirit lamp, a lump of 
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_j 





Fig. 40,—Deuile of the condenser 
beeswax, and a tuft of cotton wrapped in a piece of soft 
cloth. These accessories on a work table, with the clean 
glasses and sheets of tin foil, will enable the worker to 
proceed. 
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With reference to Fig. 40, the first plate of each unit 
js to have its foil sheet projecting to the left. This leaves 
# sargia of 36 in. on three sides. This first sheet of foil 
fi te be secured to the plate in the following manner: 

Slightly warm the glass over the flame and immediately 
touch with the beeswax; spread the latter is a very thin 
fayer with a tuft of cotton. Place the foil sheet in position 
‘and rub into perfect contact, using the dauber, and working 
outward with a circular motion. 

‘When this first sheet has been secured to the glass, the 
latter may be placed on the table with the foil underneath 
and projecting to the lefts A touch of the wax to the 
upper side of the plate and the second foil sheet may be 
laid on; this is to project to the right with a margin of 
in, on top, bottom, and left side. Next comes a piece of 
warm glass with its drop of wax; then the third sheet of 
foil which projects to the left the same as sheet No. 1, On 
this ig the third plate of glass, fourth sheet of foil, and so 
‘on until 10 sheets of foil and ten plates of glass have been 
assembled as shown in Fig. 40. 

‘The object of the drop of wax is merely to insure that 
the glass and foil sheets will maintain their relative posi- 
tions during assembly. The unit is now to be “backed up” 
on either side with a piece of cardboard. The projecting 
lugs are rolled up with a piece of 34 in. copper ribbon en- 
folded, and the entire unit bound firmly with linotape at 
top and bottom. This general procedure is to be followed 
with each of the 20 units which will then be ready for 
impregnation. 

In a double boiler, melt equal parts of beeswax and 
rosin; in this compound suspend the condenser units for 
two hours. If the wax has becn kept sufficiently hot the 
interstices between the glass plates will be completely filled 





and each unit will form a homogencous mass that is both 
Giectrically and mechanically sound on cooling. 

"The Oscillation Transformer.—This may be either of 
the Oudin or the Tesla type. For the sake of simplicity, 
the former is preferable. In order that the fullest benefit 
may be derived {rom the exciting apparatus it is essential 
that the primary and secondary of the oscillation trans- 
former be closely coupled. This is effected by means of 
the spirally-wound or “pancake” type of Oudin coil. 

‘This coil is wound in a success of layers in fat or 
pancake form as its name implies. The wire is No. 30 
D.C.C. and the insulating material between layers of wires 
is oiled paper 134 in. wide and .003 thick. 

‘The post shown in Fig. 41 is of hard rubber. While 
the rod is held in the chuck a 4 in. hole is drilled clear 
through. The tail stock center is then brought up to bear 
in the hole to prevent chattering and the end of the post 
is finished off. A cut-off tool introduced at the correct 
position finishes the rubber rod. 

‘The hole at the base of the rod is to be tapped out 
Pel8. A length of 14 in. brass rod is then forced in from 
the top of the post and cut off when it has entered to with- 
in 1% in, of the base. The top is threaded to chter a dis- 
charge ball and near the bottom a small hole is drilled 
through the hard rubber rod and into the brass to take 
‘an escuitcheon pin which forms a means of connection. 

‘The rubber post is then to be screwed on to an arbor 
threaded #4-18 with a large disc of rctal or wood between. 
Upon this rig, the pancake coil is to be wound. 

The winding may be done either in the lathe or, if 
none is available, in a simple, home-made winder. The 
starting end of the wire is soldered to the head of the cs- 
cuteheon pin that makes connection with the central rod. 
‘Taking three turns of the oiled paper over the rubber post, 
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and turning the Iathe backwards or away from him, the 
antker may start the winding over the oiled paper. The 
Fost layer must have its turns separated 4 in, Over this 














Dee of he enn ome 
= are placed three more Tayers of paper; then 

‘nother of wire with turns spaced 4 in. This is repeate 
80 lavers are in place, the turns being gradually. 
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placed closer together until, with the 50th layer, they are 
separated only 1/32 in. 

From this point on and until the 150th layer, which 
completes the coil, has been wound, the turns may be 
spaced about 32 to the inch. The layers should be but one 
inch in width in order that a margin of 54 in. may be left 
on either edge. The final layer of wire is to be covered 
with 10 layers of oiled paper, the end of the winding being 
brought out ready for connection with the primary. 

The primary consists of 10 turns of copper ribbon, 1 in, 
wide, wound spirally around the secondary pancake. Be- 
tween the turns of the primary is a strip of corrugated 
board such as is used for packing purposes. The finishing 
‘end of the secondary is soldered to the starting end of the 
Primary and at this point a length of flexible lamp cord 
cofinects to the junction of the two. The ten primary 
turns are then wound and a tap of lamp cord taken from 
the upper edge of each of the turns from the third to the 
tenth inclusive, This provides a means of varying the pri- 
mary inductance while tuning the apparatus. The final 
Primary turn is held mechanically by means of a wrapping 
of several layers of oiled paper; the latter may be shel- 
lacked in place, 

Removing the coil from the lathe, we now have the 
complete winding ready for impregnation with the com- 
Pound already suggested for the condenser. The entire 
coll is to be immersed in the molten wax for several hours 
res — 2 removal, the heat should be withdrawa in 
order that the mass may partially congeal. As the wax 
shrinks on cooling, it is essential that the substance be 
Permitted to contract 

_, While the winding is being treated, the worker may 
build the box that is to contain the oscillation transformer. 
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The case may be square and deep enough to permit of an 
rch of wax above and below the coil. It is obvious that 
jew fox mast be wax-tight for the molten compound is to 
tbe poured into this container. 

raasembly.—For experimental purpases, the component 
parts of the apparatus may well be mounted upon a com- 


Pisa base board. For portable purposes such as upon the 
Iecture platform or with the physician, a cabinet totally 








Pre 2 Suggetion for snscnly of apparatar pon 2 common tase teard 
enclosing the outfit will be found more satisfactory. The 
method of mounting is optional with the individual and, 
for the sake of simplicity, the apparatus is shown ready 
for use on a base board in the appended drawing. 

‘The connections will be clearly understood on refer- 
ence to the diagram in Fig. 36. For direct current work, 
the large kicking coil is left in the while for use on 
Alternating currents, it is short circuited with the single 
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pole, single-throw switch shown in the illustration. ‘The 
Ietters “A.C.” and “D.C.” should be plainly stamped be 
neath the respective clips of the switch as indicated in the 
diagram to prevent possible confusion. 

‘The capacity of the condenser is varied as may be 
found necessary by means of the copper strips which are 
forced into the clips projecting from the condenser case, 

In operating the apparatus, the adjusting knob of the 
interrupter should be in the “open” position. Turn the 
current on and screw the contact in gradually. As soon as 
contact is made, the interrupter will begin to vibrate and 
a sputtering spark will form at the break of contact, ‘The 
operation should start with about half of the condenser 
capacity thrown in and with half of the turns of the Oudin 
coil primary in use. Perhaps a spark will be in evi 
at the ball terminal of the oscillation transformer 
ground terminal is brought up to within a couple of i 
of the ball. If not, tey an adjustment of the capacity in 
the condenser or a variation of the primary turns. This 
will show some improvement and the operator may then 
screw in the vibrator contact a bit further; a considerable 
increase in length and thickness of spark will result. \ 
further adjustment of capacity or inductance and a tenta- 
tive tightening of the contact will tune the apparatus per- 
fectly tintil the maximum results are obtained 

__ Electro-therapeutic Work—The outfit described is ad~ 
mitably adapted for light X-Ray and vacuum tube work, 
Ifa D’Arsonval current is desired for auto-condensation, 
the builder is strongly advised to make a second oscillation 
transformer in which the primary has five turns and the 
secondary ten turns of copper ribbon. This coil may be 
simply constructed by winding up 15 turns of % in. copper 

in a fat spiral with 2 strip of the corrugated paper 
insulate one turn from the other. The ki 
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coil current is scnt through ‘the inside turns, say up to 
four or five, and the D'Arsonval current for the couch is 
faken from the remaining turns. The diagram, Fig. 43, 


Fig, 43.—Coit for the production of D'Arsooal currents 
makes this perfectly clear. ‘The coil may be sealed up in a 
flat wooden case with taps brought from the respective 


turns of copper ribbon to binding posts on the outsile of 
the case, 





CHAPTER Ix. 
ONE-HALF KILOWATT TRANSFORMER OUTFIT. 


If the experimenter is the fortunate possessor of a sup- 
ply of alternating current from electric lighting mains, he 
may well devote his energies to the construction and use of 
transformer apparatus rather than bother with cither the 
induction coil or kicking coil outfits previously described, 
The transformer is easily and cheaply made, and, in results, 
it is, beyond any doubt, superior to any other device for the 
charging of condensers. 

The Core.—The transformer core is composed of thin 
sheets of silicon steel which is prepared expressly for trans- 
former cores. The core is built up to form a hollow rec- 
tangle as shown in Fig. 44 which gives the overall dimen- 
sions. The first step is to procure the silicon steel cut to 
size; this procedure is recommended rather than attempt- 
ing to cut the large sheets in the home workshop. Unless 
@ gate-shear is available the job is a slow and very unprofit- 
able one as the pieces will not lie flat if cut with an or- 
inary pair of tinner’s shears. The core irons may be pur- 

chased cut to size at a reasonable price. 

‘The core irons are procured in two sizes, Fig. 45, for 
the ends or legs of the core and for the sides or yokes. Of 
cach size, 230 pieces will be required. The windings are 
Placed on the shorter legs of the core, i. c., the legs made 
up of the 2x434 in. pieces. These pieces are to be built 
up in two piles, the picces being placed with ends over 

alternately first to the right and then to the left for 
6 





‘a distance of 2 in. as shown in Fig. 45. When each bundle 
has hecn built up to a thickness of 2 in, friction tape 
should be wrapped around the center or winding space to 





compress the sheets into a compact bundle. If the sheets 
are clamped in a vise and the tape wrapped around the pro= 


ing end, the core may be tightly bound as the bundle 
is released an inch at a time. 

After the two bundles have been formed, they may be 
joined by interleaving the 2x7% in. pieces to form a yoke 
between the short legs, The fourth side of the hollow rect- 
angle is not to be built up until after the windings have 
been placed in position. 








. 46 gives the data for the pri- 
mary winding to use for any of the commercial frequencies. 
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‘The core is so generously proportioned and the quality of 
ron specified so good that the only change necessary for 
‘use on various frequencies is in the number of turns of 
wire, 

‘The primary is wound upon the form illustrated in 
Fig. 48, If the builder has a lathe, the form may well be 
mounted upon an arbor or even upon the faceplate. The 
No. 14 D.C.C. wire is wound upon a base of several layers 
of oiled paper 2% in. wide. In preparing the form for the 
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Fig 46—Data foe primary winding 
winding, a layer of cord is first wound over the wooden 


drum, and the base of oiled paper placed over this layer of 


cord. The object of the cord is, of course, to permit the 
winding to be removed by pulling out the cord. 

Between each layer of wire and its neighbor, four turns 
of the oiled paper should be taken. This will make the 
winding, firm and smooth and it serves further to aid in 
the insulation. The winding, when completed, is given a 
Miberal coating of armalac. The starting and finishing ends 





‘of the winding are soldered to lengths of incandescent lamp 
cord which are subsequently joined to the primary binding 


ts. 
Me Secondary Winding —The secondary data is given in 


Fig. 47. This winding is of enameled wire and the method 
of procedure is identical with that of the primary. The 
same form is used and the winding started upon a heavy 
layer of micanite sheeting cut 2% in. wide. In all, this 
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Fig. «7—Dita for secondary winding 
insulation should be about yy in. thick, The top turn of 
micanite is covered with several layers of oiled paper, after 
which the winding may start. 

Before starting the paper turns over the micanite, the 
builder places a strip of thin copper ribbon across the mi- 
Sanite. Over this the paper is wound. The starting end 
of the fine wire is to be soldered to the tip of the copper 
tibbon and as the layer of wire is wound, the ribbon is se- 
‘curely held. The layers of wire in the secondary are to be 





2 in, wille to leave a margin of % in. ow cither side of the 
Wire, Two tums of oiled paper are taken over cach layer 
Of wire before the next layer is wound. The finishing 
Iayer of wire is terminated 1n a second copper ribbon which 
forms the secondary lead for connection to the high tension 
terminals. Over the final layer of wire, several layers of 
cited paper are wound to form a mechanical protection for 
the delicate wire. The edges of the coil are well soaked 
with armalac and the secondary is then ready to mount, 
after the compound has dried. 





Fig. 44 Winding machine for both primary and secondary 


Assembling and Mounting—In Fig. 49 the complete 
transformer is shown with primary and secondary in place 
and the remaining core irons in position to complcte the 
magnetic circuit. The space between the winding and the 
the core is to be partially filled with wooden plugs, care- 
fully whittled to fit the space without forcing. 

Fig. 50 suggests the mounting for the complete trans- 
former. The case may be of mahogany, oak or whitewood. 
It is built to fit the transformer and as the windings for 
different frequencies change the diameter of both primary 
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and secondary, and consequently the length of the complete 
transformer, the dimensions are not given in the drawing. 
The core is gripped between lengths of wood and the latter 
pieces are secured by micans of serews passing through the 
walls of the czse. 
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Fig. 47-—The tamtormer stented 
% ‘The primary and secondary leads are browzht to suit- 
able terminals in the case and the job is finished. For 
$ifety to the transformer secondary. a permanent gap 
should be affixed to ths secondary terminals as shown in 





HIGH FREQUENCY APPARATUS 


1s gap is to be not more than 7% in. in Tength, 
_ AS 
for a very practical form of Testa coil that is casi 
cheaply built. Fig. 52 gives the data for an Oudin coil, 
the construction of which is very similar to that of the 












































Fig. $2 —Teanstormer in ite case 
Tesla. The description herewith will accordingly be de- 
Voted to a discussion of the latter type only. 

With reference to Fig. 51, the base, 1, 
wood as is also the upright support, 2.' ‘The dimensions 
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‘and details of these parts are given in Fig. 53. The up- 
te Te secured so the bese by means of stout brass screws 
passing up throwgh the base. 

‘Upon the upright piece, 2, is mounted, on either side, 
the primary coil of the oscillation transformer. The com- 
plete coil is really two Oudin resonators placed base to 
Peet with primaries and secondaries in series, The details 
or the primaries are given in Fig. 11 and the reader will 
Tote that the primary conductor is of edgewise wound cop- 
per strip, held in suitable supports of fibre. These sup- 
ports are detailed in Fig. 54 at 3. 


Fig, $1—Weodwork for owilation tranaformer 

‘The secondary coils are of 400 turns each, of No. 30 
D.C.C. copper magnet wire, wound in a single layer upon 
a cardboard cylinder 6 in. in diameter and 8 in. long: fn 
cither end of each cylinder, a wooden head is affixed. |The 
details of the cylinders and heads are given in Fig. $8 
‘After winding the cylinders, the layer of wire should be 
given five coats of shellac, cach coat being dried out thor- 
oughly before the next is applied. 

“The secondary discharge rods are shown in detail in 
Fig. $4, together with the clips which hold the ball on the 
tod. The two primary coils are connected together as 
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nately first to right and then to left in the usual manner 
aad these lugs soldered to common connector on either 
side of the unit. 

‘The spark gap, Fig. 37, is simple in construction. ‘This 
design is quite satisfactory, however, for experimental work 
en emall-powered outhts. ‘The electrodes are of battery 
Sine, 3 in. diameter. A single zine cut in two will answer 
Sell, ‘The electrodes are held in supports of brass rod, 
jnitably drilled and help upright upon a base that should 
preferably be of marble. If marble is not available, hard 


Io fit inside of cylinder 


Secondary cylinders 2 reg? 


is of secondary cylinders 
IL answer, Slate should not be used as the minute 
metallic veins found in some varieties render the substance 
unsuitable for this purposs 
Connecting and Using —Fis. 58 shows how to connect 
the apparatus. The spark gap is placed across the sce 
endary terminals of the transformer. The condenser © 
Gaseried in one lead from the gap to the primary of the 
Oudin or Tesla, while the other connection from the Pri- 
mary goes back to the Rap. 
"When the current is applied, the ball of the Oudin or 
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the discharger of the Tesla should give out a large brush 
discharge of purplish fire. If the first trial docs not result 
jn this, try a variation of the primary turns of the oscilla- 
tion transformer. This, together with a variation of the 
spark gap, will serve ultimately to bring the apparatus to 
the point of resonance. The Tesla coil will give a full 16 
in, spark with the 34 kw. transformer described in the early 
part of this chapter. 

‘The spark from-the oscillation transformer is perfectly 
harmless if taken through a metal rod grasped firmly in the 
hand, No sensation of shock whatever will be experienced. 
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Fig, S6—Data for the condenser 


If the discharge touches the bare skin, the current will 
leave a blister if applied for any length of time in one spot 
Aside from this unpleasantness, no direful results may be 
expected. 

Whenever the apparatus is operated, the ground con- 
néction shown in Fig. 58 should be religiously made. This 
connection will protect the windings of the low frequency 
transformer and also the line wires and meter in the house, 
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ior farther protection from “kick back” on the line, place 
two small telephone condensers in series across the line 


BATTERY ZINC 





Fig. $7.—Siople sine spark aap 
wires where they connect to the transformer and ground 
the neutral point, 








CHAPTER X. 
QUENCHED GAP APPARATUS. 


Comparatively few experimenters with high frequency 
current phenomena and apparatus within the acquaintance 
‘of the author have used the quenched gap in their experi- 
mental work. Possibly this is due to the scarcity of data 
‘on the construction of gaps adapted to the purpose; possi- 
bly to the lack of practical knowledge on the part of the 
workers. High frequency apparatus is so easy to build, 
‘and with a given expenditure of time and labor the results 
are so great with even mediocre equipment that the casual 
experimenter is likely to devote his hours to making the 
sparks fly rather than to devise ways and means for in- 
creasing the efficiency of this apparatus with a correspond- 
ing increase in the quality of the results obtained. 

‘The Quenched Gap—The quenched gap to be de- 
scribed combines a number of very desirable features from 
the amateur mechanic's standpoint. It is admitted that 
there are certain inherent defects in the design, but these 
have to be tolerated in order that the gap may come within 
the limits of the amateur’s shop equipment, which is 
usually confined to a small bench lathe and a few other 
tools. One improvement that might be made in the gap is 
to be noted in connection with the means for adjusting the 

distance between the electrodes. If the upper electrode 2 

Were cast in one piece integral with the hub or spindle 3 the 

gap might be varied in length by threading the spindle 

through the top frame plate 5. This construction presents 
ag 
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‘some very fine machine work, and a screw-cutting lathe is 

wwely essential. Assuming that the latter tool is not 
fo be found in the average amateur shop, the design has 
been modified so that the threading may all be done with 
taps and dies, and the only lathe work required is the 
facing-off and drilling operations that may be done in a 
small bench lathe with a slide rest. 

‘The effects produced with the high-frequency coil in 
connection with a quenched gap are truly remarkable. In- 
stead of the thin, wiry spark ordinarily seen, the discharge 
takes the form of a flame as thick as a man’s wrist when 
conditions are right. At times the actual length of the dis- 
charge is reduced, but with everything in resonance an 
increase both of thickness and length will be noted. 

With reference to Fig. 59, which is a sectional view of 
the complete gap, the reader will note the instrument is 
comprised of two cast copper electrodes, 1 and 2, which 

are held rigidly, with their faces only slightly separated. 
‘The lower electrode is permanently secured to the lower 
iron casting of the frame 6, while the upper electrode is ar- 
ranged to be raised or lowered by turning the insulated 
knob 14, which is fastened to a brass bushing 13. The 
spindle 3, which carries the electrode 2, is of cold-rolled 
steel, threaded 7—-18 for a distance of 1-y in., when it en- 
ters the electrode, then turned to }4 in. for the central 
portion and finally threaded for 17, in., with the 7-18 die 
for the remaining portion. 

‘The electrode is held from turning by the two steel 
pins 7, which are driven into holes in the electrode and 
which slide freely in holes in the frame above. Obviously, 
therefore, the movement of the upper clectrode is a vertical 
fone without any twist or turn. The cofled spring 8, serves 
to keep the necessary tension on the movement. 

‘The builder will be required to do some simple pat- 
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tern making, but this need not alarm him. It is to be de- 

plored that the average amateur has such a pronounced 
antipathy to anything in the nature of a pattern or a cast- 
ing, whereas the latter is frequently the simplest way out 
of a given difficulty. The pattern for the electrode castings 
js illustrated in Fig. 60. It is turned out of a block of 
white-wood secured to the faceplate of the lathe, care being 
taken to leave the extra stock on the edge to provide the 
necessary draft, When the pattern has been turned out it 
should be sent to the nearest foundry for a pair of copper 
castings as nearly pure as the shop can supply. 

Given the copper castings the worker grips No. 1 in 
the lathe chuck by the outer edge with the sparking face 
of the casting next to the face of the chuck. A good chip 
is taken off the projecting portion to remove the scale and 
the face finished with a light cut. The centering too! is 
then brought up in the tailstock and the casting centered, 
A 3 drill is next run very carefully through the casting 
and this is followed with the 7-18 tap, which should be 
started with the tailstock center against it to insure ac- 
curacy. The hole threaded, the casting may be removed 
from the chuck and laid aside temporarily while exactly the 
same operations are done on the No. 2 casting. ‘This latter 
must also have holes drilled to take the pins 7 after the 
casting has been removed from the lathe. So far the 
worker will have faced off the hubs of the castings and pro- 
vided the tapped holes for the spindles, and this in 2 man- 
ner that insures that the spindle will be truly at ‘right 
angles to the plane of the hub. 

‘The next operation is to prepare the spindles for facing: 
off the sparking surfaces of the castings. The spindle 3 
is Brst prepared. It is to be used as an arbor upon which 
both castings are faced off. A piece of yf in, diameter 
cold rolled steel rod is cut off 4 in. long and each end faced 
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off and centered in the chuck, bringing its length down to 
3% in, Holding the rod in a dog between lathe centers, 
a light cut is taken for a distance of 1¥, in., bringing the 
diameter eventually down to ye in. after several cuts have 


Catngt, ——CantingNa2, Bache Casting 
"detetn? Fras. ahcd Se. Coin ingt kato 


Finished Sef Iran Casting Na5.-No 6 Sis bt Dried 


Fig. 60.—Detaite of electrodes and frame plates 
been taken. A slight cut is taken at the end to taper the 
tod for starting a die on it and the rod is then placed in 
the chuck with the turned portion projecting. Bringing 
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up the yy-18 die with the tailstock face plate against it, the 
dic may be started with accuracy and the thread taken on 
the spindle. In order to cut the thread quite up to the 
shoulder of the unturned portion of the spindle, it will be 
necessary to reverse the die taking the final ext or two with 
the die on backwards. This completes the work on the 
spindle for the present. 

Before removing the spindle from the chuck, the No. 1 
copper casting may be screwed on. The spindle is then 
removed from the chuck and replaced between centers with 
the dog as before. The surface of the copper casting may 
now be faced off with the assurance that it will be traly 
at right angles with the spindle. The edge of the casting 
may also be turned. The depression in the center of the 
casting is cut yf in. deep and 1% in. in diameter. This 
casting finished, it may be removed from the spindle and 
the No. 2 casting put on. The facing cut is again taken, 
the depression made, and the edge turned. The entire 
spindle with the casting is now to be reversed in the lathe, 
the casting first being pinned to the spindle on which it 
of course, to remain. ‘The drive this time is by means of a 
stud projecting from the faceplate and engaging a screw 
in the periphery of the casting; the hole in which the screw 
is placed is subsequently used for the binding post, to 
which the flexible cable is attached. 

‘The spindle may now be turned to its finished diameter 
of % in. for a space of 1} in., and from this point to the 
‘end it is finished off to zy in. ready for threading. The lat- 
ter operation is accomplished as before by starting the die 
with the faceplate in the tailstock. 

‘The spindle for the lower portion of the gap casting is, 
of course, threaded Ze-I8 throughout its length. This co 
ration js most easily done by gripping a piece of zy in. 6 
in the chuck and thresding fo the sequted length before 





120 HIGH FREQUENCY AVVAKATUS: 


‘eutting off, As shown in the detailed drawing, Tig. 3, 
the length of this spindle is 27 in. 

The frame plates 5 and 6 are iron castings. The pat- 
tern is a simple one that may well be cut out ona scroll 
saw, the boss for spindle and the small elevation in cach 
corner being turned separately and fastened on with brads 
‘and glue, The finished size of this casting is shown in Fig. 
2. The one pattern serves for both castings, but the ma- 
Chine work on each casting differs slightly from that on the 
other. As will be noted, the central hole in casting 6 is 
tapped for the yy-18 spindle, while that on casting 5 is 
drilled and reamed to provide a good sliding fit for the 
plain portion of the spindle 3. The clearance holes for the 
pins in the upper electrode casting are also indicated in 
casting 5. A smooth file-cut on the corner bosses finishes 
the machine work on the frames after all holes have been 
drilled, 

‘The four corner posts are of fiber rod 34 in, in diameter 
and faced off accurately to 476 in. in length, “Tapped holes 
are made in the ends for the 14-20 screws which fasten the 
structure together. 

‘The remaining details are obvious in construction. In 
assembling the gap, the feet and four corner posts are first 
secured to the lower frame. Then the lower electrode is 
Set up tightly on its spindle in the frame. The upper 
electrode is placed on the lower and the coiled spring 
‘slipped over the spindle. ‘The top frame is next slipped om, 
making sure that the pins engage the proper holes in the 
frame. The driving home of the comer screws and screw- 
ing on of the insulated adjusting knob complctes the as 
‘sembly, and the builder is ready to sce how well he hss 
done his work. ‘The only “snag” is likely to be found in 
the inaccuracy of the filed bosses on the upper frame. Te 
‘make a thoroughly good job these should have been faced 
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‘off in a lathe at the same time as the central hole was 
Urilled. To do this would require a 10-in. lathe, however, 
‘and in view of the admitted restrictions mentioned in the 
opening paragraphs it was thought best to omit this speci. 
Ration, ‘The facing off and drilling should by all means 
he done on the faceplate if a sufficiently large lathe is 
available. 

Quenched Gap Transformers.—The transformer for 
use with a quenched gap is essentially the same as that 








Fig, 6L—Deaie of the small parte 
used with the ordinary open gap. ‘The one possible differ- 
fence worthy of mention is the secondary potential em- 
ployed. With the quenched gap, this potential may be 
considerably lower; this change merely introduces an in- 
‘fease in the number of discharges per sccond. For certain 
classes of work, this characteristic is of material advantage, 
while for others it possesses na particular merit. 

‘The principal advantazes to be derived from the low 
Potential secondary are as follows: The discharge from the 
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high frequency coil is thicker and hotter, although it is 
hot so long; the comparatively low potential secondary 

fe cheaply and easily built and insulation difficulties are les- 

ened materially ; for electro-therapeutic work, the quenched 

fap in connection with the low potentisl transformer gives 

FP rent of very high milli-amperage which is of value 

fa cases where the blood pressure of the body must be re- 
duced by auto-condensation in a short time, 

‘The instrument to be described is of 2 k.w. capacity 
and it delivers a secondary current at a potential of 2500 
Volts, ‘The power factor is about 85 per cent, and at full 
load the primary of the transformer draws 23 amp. from 
the line on a 110-volt circuit. ‘The winding specified is for 
@-cycle circuits but the data for other frequencie’ may be 
calculated as described on Page 27, As the construction of 
transformers has been covered so thoroughly in preceding 
chapters, no attempt will be made to cover the method of 
procedure, 

The core of the transformer is 3 in. square in cross- 

ection and the core irons are to be provided in two sizesy 

ie,3 by Bin. and 3 by 12 in. Each leg of the core will re- 
quire 130 irons to build up the required three inches and 
accordingly 360 pieces of cach size of iron will be required 
for the core, The core iron weighs approximately 9 Ibs. 
for this transformer. This core is gencrously proportioned 
and the instrument may be overloaded to a considerable 
extent without ill effects as the core is not worked nearly 
to the point of saturation on a 60-cycle circu 

The primary winding consists of 152 turns of No. ? 
D.C.C. magnet wire wound on a round form, As the wind 
ing space on the core is 5 in. the primary coil may be 474 

in, in length overall to provide the necessary 14 in. of space 
on either side for insulation. ‘The winding may be tapped 
at the 125th, 135th and 145th turns if it is desired to have 2 
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‘convenient means of over-loading the instrument. When 
the full number of turns is in use, the instrument operates 
‘a BES onary wind. consists of 3.454 turns of No. 

24 enameled wire wound in two sections. This winding is 
diss done upon a round form, the air-space between wind- 
ing and core servieg to keep them both cool through the 
mmadium of the extra radiation surface provided. Each sec- 
tion of the secondary winding may be wound upon oiled 
paper 1% in, wide. The winding may be carried out to 
within }4 in. of either edge of the paper, which makes the 
actual width of winding 1% inch. The two secondary sec- 
tions are separated by a disc of fibre or, preferably, mican- 
ite sheeting, the edges of which may be bent around to lap 
‘over the pieces inserted between the secondary sections 
and the core. For specific instructions on the winding of a 
two-section secondary, see the transformer directions in 
later chapters. 

The magnetic leakage tongue may well consist of a 
bundle of pieces of the core iron cut 3 by 4 inch. The 
thickness of the bundle will depend upon the condenser 
capacity used with the transformer and also upon the type 
of gap employed. The correct amount can readily be de- 
termined hy experiment, however, after the instrument has 
been finished and put in operation. 

Caution—The secondary winding of this transformer 
is of low resistance and it delivers a high potential current 
that would most likely prove fatal if taken through the 
body. For this reason, more than ordinary care should be 
exercised in the handling of the instrument. If one takes 
the: Sie always to make sure that the main switch 

Sontrolfing the pritnary current is quite open and so located 
that it cannot by any possibility fall shut while the opera~ 
tor is working with the transformer, no accident can hap- 
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pen. In the experience of the author, but one serious ac 
dent has occurred in connection with this type of apparatus 
‘and that was caused through the playful antics of a pet dog, 
‘The control switch of the outfit was temporarily mounted 
upon the floor and the canine came bouncing along just 
‘as a connection on the rotary spark gap was being changed ; 
j swish of the dog's tail and the switch came down, turning 
‘on the low frequency, high potential current. The shock 
was sickening but fortunately the body was well insulated 
from ground as the floor happened to be dry. It is the 
totally unexpected incidents of this nature that develop into 
real accidents. The high potential current is something 
that need not be feared, but it should certainly be respected 

‘The Condenser.—The oscillation condenser’ for this 
type of apparatus may well be built up into sections of .01 
mid. each as described in former chapters. ‘The total ca- 
pacity required will range from .04 to .08 mfd,, depending 
upon the number of turns in the primary of the oscillation 
transformer and the type of quenched gap employed. As 
the potential is low, the condenser is not subjected to the 
strains that have to be borne by the usual type. The cur- 
rent is relatively large, however, and the plates are likely to 
heat if the operation is maintained for any great length of 
time. For all ordinary purposes of demonstration appara~ 
tus, the single units connected in parallel to give the de 
sired capacity will answer but if the coil is to be operated 
for say half an hour steadily at a time, as is the case in 
certain branches of electro-therapeutics, the series-multiple 
connection, in which four times the number of units are 
employed, should be sed. For detailed directions cover- 
ing this condenser, refer to Chapter IV which explains the 
various methods of connection. 
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PHYSICIANS’ PORTABLE APPARATUS, 


The design of a portable high frequency outfit for the 
use of physicians has been approached with some diffidence. 
Such an outht imposes certain requirements in skill and 
workmanship that the amateur constructor is not likely to 
possess. 

The portable outfit, to be of practical value, must be 
compact, light in weight, rugged in construction, and, 
above all, reliable and very efficient in operation. Thi: 
means expert workmanship in the construction of the vari 
ous parts and no little skill and ingenuity in their assembly 
within a case of small compase The greater difficulty will 
be in the placing of the connecting ires and cables. These 
leads must frequently be placed in locations that are seem- 
ingly inaccessible. Should a short circuit occur within the 
case while the apparatus is in operation, the results might 
bedangerous. A large measure of the success achieved by 
electro-therapists has been due to their use of apparatus 
that could be depended upon to work at the right time and 


thereby to establish a feeling of confidence on the part of 
the patient. 


For the reason stated above, no attempt will be made 

to describe the construction of a protable electro-thera- 

Peutic outfit of the transformer type. The high tension 

transformer is difficult of construction for the amateur 

the very small and compact design that is necessary in this 

case. The kicking coil type of outfit lends itself admirably 
Bs 
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to the requirements of the practitioner, however, for work 
at the patient's bedside and such an outfit may readily be 
constructed by the amateur worker who is the fortunate 
possessor of a few tools and some ingenuity in their use. 

Portable Kicking Coil Outfit.—In Chapter VIII, a very 
good outfit of this type is described in detail. The specifi- 
cations call for the various parts of the outfit mounted 
‘upon a common base of wood. For the purposes of the 
physician, the entire outfit may readily be assembled in 
a wooden cabinet with handle attached, or is may be built 
into a small leather suitcase. The latter method is, per- 
haps, to be preferred as the container is more durable, 

In building the outfit from the directions given in the 

chapter referred to, the worker had best employ a mica 
condenser in liew of the glass sheets. The mica shects 
come in a thickness of about 1/32 in, and each sheet may 
safely he split in two as the mica has a higher dielectric 
value than the glass. The cost of the mica is, of course, 
muuch higher than that of the glass but only half as much 
of the mica is required, The exact number of plates re- 
quired is dependent partially upon the speed of the inter- 
tupter and the worker may well experiment as directed in 
Chapter VIN to determine exactly the right amount of 
conslenser to use hefore he proceeds to build the box that 
is to hold the plates. 

‘The discharger post of the oscillation transformer may 
Prove so long that the apparatus will not go into a case of 
seasonable size. If this is the case, the post may be cut off 
an inch above the box in which the coil is mounted, and 
fitted with a plug and socket connection. The arrangement 
of the parts will suggest itself to the builder and no specific 
instructions will be given owing to the fact that the size 
‘of the cabinct or suitcase to be used will govern the precise 

yout of the various instruments. The description of 
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standard apparatus which follows will serve to offer a few 
suggestions relative to suitable arrangement. 

‘Standard Electro-Therapeutic Apparatus —The stan- 
dard apparatus now on the market has reached a high stage 
of development and ia many cases the physician will do 
peter to buy an outfit outright rather than attempt the 
construction unless he is exceptionally well supplied with 
tools and facilities for good work. The portable outfits 


Sortable transformer eutSt designed for vacoum tute treatment work 


Fange in price from $75.00 to $185.00 and instruments at 


the latter figure are arranged to operate on cither alternat- 
ing or direct current. With the larger types of these 
Portable outfits, fight X-Ray work may be done at the pa- 
tient's home. ‘This feature is of prime importance where 
X-ray diagnosis is deemed advisable and where, at the 
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same time, there ix no other reason for moving the paticut 
to the hospital. 

In Fig. 62 may be scen a reproduction of a portable 
outfit that may justly lay claim to many unique features, 
‘This is one of the lower-priced outfits but the price cannot 
be taken as a criterion of its value. The outfit incorporates 
an exceptionally fine control device which renders it well 
ailapted to the requirements of the general practitioner or 
the specialist who uses the usual high frequency modalities 

n his work. ‘The range of the apparatus covers everything 
but the X-ray and the elimination of this feature in the 
design is largely responsible for the low price of the outfit 

“The outfit is of the transformer type and it operates 
only on alternating current circuits; for use with direct 
current, a rotary converter is necessary. The rotary costs 
shout forty dollars and its weight detracts from the porta- 
bility of the outfit. The main consideration for the pro- 
spective purchaser is, therefore, to determine whether the 
current supply in the places where the outfit is to be used, 
is alternating or direct. If the latter is found to be preva~ 
lent, a modified type of portable outfit selling at the same 
price would serve the purpose hetter. 

‘The small transformer outfit described in the preceding 
paragraph is designed for all classes of vacuum tube, fulgu- 
tation and diathermic treatments. For fulguration the out 
fit is ideal as the fine control enables the operator to change 
from a comparatively cold spark such as is used to produce 
a dehydrating action, to 2 hot and caustic spark, The 
Principal feature of the control is found in the use of an 
interchangeable pair of secondary coils on the oscillation 
transformer. In addition to this, the “coupling” of the 
vrimary and the secondary is variable, which introduces 
A further refinement of control. One of the secondary units 

or “inductors” as they arc called by the manufacturer, is 
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wouad with comparatively few turns of coarse wire'to pro, 
duce the hot spark for fulguration, while the other coil is 
Wound with a greater number of turns of finer wire t0 pro- 
duce the higher voltage necessary for vacuum tube work. 

‘For diathermy where an exceedingly heavy current is 
made to pass through a localized area of the body, the coil 
is quite unique as it is capable of delivering a current vary- 
ing between zero and 2,000 milli-amperes between the 
diathermic electrodes. 

Direct Current Outfits—Fig. 63 illustrates a treatment 


Fie: G—Porabie Wishing coi, out that eit operate on lier dct or 
outfit of the kicking coil type that sells for $75.00. This 
outfit weighs but thirty pounds, will operate on either 
dircet or alternating current circuits, and combines all of 
the high frequency modalities with the exception of heavy 
@uto-condensation and X-ray work. True, it will do light 
Keneral diagnostic work as the potential is sufficient to 
break down an air gap of four inches which is sufficient to 
excite the average six-inch X-ray tube of moderate vacuum. 

‘The outfit described is preferable to the transfcrmer 
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apparatus in the event that nothing but direct current is 
available in the vicinity. No rotary converter is necessary 
and if the physician chances to be in a neighboring town 
where alternating current is unexpectedly found, the appa- 
ratus is equal to the emergency. 

For dentists this outfit is exceptionally well adapted. 
It is excellent for the treatment of diseases of the oral 
cavity and in addition it will make good radiographs of the 
jaws with comparatively short exposure. 

Large Portable Outfits.—Fig. 64 illustrates an outfit of 


Fig. €4—Powertul portable outht comprising both Licking coil and transformer 
Tor use’ on either direct or alienating current circ 

the highest grade which combines the features of porta- 

bility, reliability, and general utility to 2 degree not ap- 

Proached by the smaller outfits. The price of this equip- 

‘ment is $185.00 when arranged for both alternating and di 

rect current use. 


This outfit is capable of doing all manner of general 
high frequency and X-ray work that may come within the 
Fequirements of treatment at the patient’s bedside. The 
Yarious modalities can be obtained from the equipment as 
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follows: Static spark, vacuum electrode, fulguration or con- 
vective discharge, high frequency spray or effluve, Oudin, 
Tesla and D'Arsonval currents, unipolar current, cautery 
current, ultra-violet lamp (from alternating current circuits 
cnly), and currents for auto-conduction and auto-conde 
tion, sufficient for all local treatments. In addition to this, 
the apparatus is capable of giving very good results in 
X-ray work of the lighter type such as making radiographs 
of the extremities, fluoroscopic examinations for diagnosis 
in cases of fracture, ete. 

The outfit combines both a transformer and kicking 
coil. The former is used on alternating current circuits and 
the latter on direct. The operation is controlled by means 
of a few switches and levers and simplicity is a character- 
istic of the equipment. 
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The construction of a powerful and efficient high fre- 
quency and X-Ray equipment capable of meeting all the 
requirements of the general practitioner is well within the 
reach of the average amateur builder. 

True, the apparatus will not be enclosed in a handsome 
cabinet and the entire outfit will probably be somewhat 
bulkier than the manufactured article. Furthermore, the 
cost of the entire apparatus will probably be nearly as great 
as that of a professional outfit purchased complete. The 
amateur constructor’s principal reason for building his own 
outfit will probably be the experience he receives and the 
intimate knowledge of the component parts that he 
acquires during the process of building. 

‘The design for a 1 k.w. outfit comprising all of the 
Popular high frequency modalities is contemplated. Fig. 
65 suggests the assembly of the various units upon a table 
of conventional design. Of course, all of this apparatus 
might be arranged within the walls of a cabinet, but for use 
in the office where the outfit is seldom if ever to be moved, 
the cabinet has no particular advantages over the simple 
arrangement shown in the illustration. Furthermore, the 
assembly on a table results in a most imposing array of 
instruments all of which are readily accessible for adjust- 
‘ment or repair. 

‘The complete apparatus is divided into two basic 
Groups, one of which is the exciting apparatus comprising 

132 
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wer, spark gap and condenser, while the other 
Fe Gs otncel tie ceilaiten or high Tequancy wore: 
formers, of which there are three. Of the latter, No. 6, 
the first instrument on the left in Fig. 65, is a coil of the 
(Oudin type capable of producing a high frequency current 
of moderate potential for vacuum tube work; high potential 
‘current of very high periodicity for producing a spray or 
effiuve; and a current of great intensity, moderate poten- 
tial and high periodicity for the removal of moles and 
warts by means of fulguration. The maximum spark 
length of this coil is about 3 in. The winding is coarse and 
the coil may therefore be used for high potential auto-con- 
densation work. The variation in frequency and potential 
is effected by means of an adjustment of the number of 
primary turns. 

The coil shown in the center of the table, Fig. 65, is 
designed for X-Ray work. This instrument is an oil-im- 
mersed oscillation transformer which may be termed a 
combination of the Oudin and Tesla types since two Oudin 
coils are placed base to base to form a Tesla coil of sound 
mechanical construction, 

‘The X-Ray coil produces a thick and very hot 10 in. 
discharge between the points connected with its terminals, 
With a suitable high frequency tube, radiographs may be 
made of any part of the body in a comparatively short 
‘Space of time. 

The oscillation transformer at the right, No. 8 in Fig. 
65, is intended for general D’Arsonval treatment and its de- 

is such that the work may be made to cover both auto- 
Condensation and diathermy. The latter is a comparatively 
new method of treatment which consists in placing a plate 
‘of metal on either side of the localized area to be treated 
and passing a very heavy current of from 800 to 2,000 
milliamperes. The frequency, potential, and ‘intensity of 
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the current delivered by this transformer may be varied to 
an astonishing degree by placing the clips attached to the 
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be 





Fig. 65—Large etectetherspectic outét mounted upon + table 
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fexible connecting cords on different turns of the winding, 
This wide range of adjustment permits the operator to so 
attune the apparatus that the circuits through the patient's 
body and the coil may be brought very closely to resonance. 
Reference to Fig. 68 will disclose the wiring diagram 

for the complete outfit. The reader will note that the leads 
from the condenser and the spark gap are attached to two 
copper tubes placed parallel with the X-Ray transformer 
and supported in insulating pillars secured to the top of the 
table. From this tubes heavy flexible cables complete the 
oscillation circuit through the primaries of coils 6, 7, and 8. 
‘The. thoughtful reader will, of course, understand that 

one coil is connected in the circuit at one time; this permits 
of a concentration of the full output of the exciting appa- 
ratus upon the particular coil in use and obviates the 
necessity of dividing the energy among the several instru- 
ments, only one of which is used at one time. Two spark 

gaps are specified in the assembly, Fig. 65. The gap “ 

of the conventional stationary variety with nickel steel or 
silver electrodes, while the gap “3” is of the rotary type 
with zinc stationary and aluminum rotary electrodes re- 
spectively. The rotary gap is used for the X-Ray and 
‘Arsonyal coils, while the stationary gap is best adapted 
for the Oudin Coil, No. 6. The current delivered by the 
latter coil must be under perfect control and in certain 
“lasses of vacuum tube work it is necessary that a delicate 
and perfectly steady high frequency spark be employed. 
he Stationary gap suzcested will cnable the operator to 
Bust his current with such delicacy that the spark may 
bs brought from a velvety spray a quarter of an inch in 
length to a hot, caterpillar discharge simply through 
an adjustment of the length of gap, variation of primary 
tums and changes of the current regulator on the low fre- 
quency transformer. The rotary gap is intended for long- 
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continued treatments where the apparatus is working at 
approximately full power during the entire length of time. 
While the stationary gap is in use, the disc of the rotary 
is turned so that the electrodes are opposite the open 
spaces in the periphery of the dise; when the rotary gap is 
to be used, the a ljustable electrode of the stationary gap is 
merely opened until the spark prefers to pass by means of 
the rotary. 

A useful accessory to the apparatus is shown mounted 
‘on top of the D’Arsonval coil, 8. This is a hot wire meter 
that will indicate accurately the amount of current passing 
through the patient's body while the D'Arsonval treatment 
is being given. The design for a simple hot wire meter is 
given in the next chapter for the sake of completeness, but 
in view of the fact that a standard instrument of the type 
shown in the illustration can be purchased for $12.00, the 
amateur builder is scarcely justified in attempting the con- 
struction. 

‘The low frequency transformer, 2, which converts the 
residence lighting current into a high potential one suitable 
for charging the condenser of the outfit is a standard’ mag- 
netic leakage instrument with a variation in the number 
‘of turns in the primary. The alternating current supply 
from the house mains is connected with the knife switch 
shown directly above the transformer and from the switch 
& cable leads to the low-tension terminals of the trans- 


former. The snap switch controls the rotary spark gap 
‘motor. 


‘The condenser is the glass plate type arranged in sec~ 
tions or unite which may be connected in multiple one 
Section at a time by means of the single pole knife switches 
‘shown on the top of the cabinet (5 in Fig. 65). 

For the sake of clarity and simplicity, the construct 
Of the various instruments that enter into the assembly of 
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the outfit is divided into cight sections, each part bearing 
an appropriate heading. The numbers preceding each head- 
ing correspond with the numbers assigned to the various 
instruments shown in Fig. 65 which represents the ground 
covered in the first part of this chapter. 


The Magnetic Leakage Transformer. 

The Rotary Spark Gop. 

The Stationary Spark Gap. 

The Oscillation Condenser, 

The Vacuum Tube Treatment Transformer. 
The X-Ray Oscillation Transformer. 

The D'Arsonval Oscillation Transformer. 


Magnetic Leakage Transformer.—This transformer i 
of 1 k.w, capacity and the data is given for windings suit- 
able for use on 110 and 220 volt alternating current cis- 
cuit having periodicities of 25, 60, and 125 cycles. This 
data will be found in Fig. 2 which gives the details of the 
transformer The specific instructions for the building of 
the instrument apply only to the 60 cycle, 110 volt winding 
as that is the one most commonly used. 

The core is a hollow rectangle of laminated silicon 
steel built up by placing rectangular pieces of the steel with 
ends overlapping alternately to the right and left as shown 
in the drawing marked “assembly.” Two sizes of core 
Pieces will be necded, namely, 2x53 in. and 2x64 in. 
and 340 pieces of each size will be required. ‘The magnetic 
Jeakage tongue shown in the center of the core is a bundle 
of 90 pieces of silicon stcel cut 3 in. x39 in. The silicon 
stecl for the core may be purchased cut to size and ready 
to assemble, if desired, and this course is the wiser one to 
Pursue if the constructor is not possessed of a gate shear. 

The 2%534 in. pieces of steel are to be divided into 
two equal piles and each pile assembled with the strips 
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alternating to such an extent that the overlap is just 2 in, 
‘The assembled pieces may be clamped in a vise and tightly 
bound from end to end with friction tape, releasing the 
core an inch at a time as the binding proceeds. 

The winding is done directly upon the core in the case 
of both primary and secondary. The illustration suggests 
how this may be accomplished. Two blocks of wood are 
prepared with recesses to take the ends of the core strips 
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Fig: 66—Data for the magnetic leakage trantformer 


In order that the core may be held in the lathe for winding. 
Fee PAMarY winding consists. of 200 turns in all of 
Ro. 11 D.CC. wire tapped at 110, 140, 170 and 200 turns 
The winding is 27 turns per layer and the first layer of 

re is wound upon two thicknesses of micanite wrapped 
Gyer the core. A single turn of micanite is placed between 

Wers of wire to insulate the winding and to keep the latter 
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uniform. A convenient method of making the taps in the 
primary is to solder a length of copper ribbon to the proper 
turn, insulating the ribbon thoroughly with paper where 
it passes between adjacent turns. To this tap of copper 
strip, a flexible stranded cable may be soldered and carried 
to the switch on the outside of the transformer case, 
When the primary winding is finished it may be given sev- 
eral coats of armalac and permitted to dry, 

The secondary is wound in two sections upon the other 
leg of the core. Each section has 4,200 turns of No, 28 
enameled wire which is wound in layers 1 in, wide with 
layers of oiled paper 114 in. wide, between. The precise 
manner in which this winding is done has been covered so 
thoroughly in other chapters of this book that to reiterate 
the instructions would be superfluous. 

When the windings have been completed, the core is 
assembled by fitting in the longer core pieces in the spaces 
left between the projecting ends of the cores containing 
the windings. This is rather a tedious job, but with the 
aid of a small hammer judiciously applied, the magnetic 
sircuit may be completed without undue labor. The mag- 
netic leakage tongue is wedged between the yokes of the 
core by means of wooden strips. The complete trans- 
former is mounted within a wooden case, the dimensions of 
which have not been given. 

The Rotary Spark Gap.—This gap may be of the stock 
variety sold by many wireless supply houses for use in 
fonnestion with amateur transmitting sets of from one- 
half to one kw. ity. ted in Fig. 


‘Superior to some of the manufactured articles now 
on the market. 
The rotor is a disc of ¥% in, aluminum, 6 in. in diame- 


ter. and having 12 semi-circular sections removed from its 
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periphery, thus leaving a series of 12 teeth, each tooth pre- 
senting 2 surface of 4x54 in. to the stationary electrode 
‘mounted on either side. The rotor disc is fitted to a fibre 
bushing and this bushing is mounted upon the shaft of a 
small alternating current fan motor, which should have a 
speed of approximately 1,800 p.m. 

‘The stationary electrodes are lengths of 34 in. zine rod. 
threaded and tipped with large disc of fibre to serve as 
adjusting knobs to vary the gap between the electrodes 
and the disc, 

‘The entire apparatus is mounted upon a substantial 
base of dry wood, 

‘The Stationary Spark Gap—This gap may be a stock 
‘one purchased from a wireless dealer or it may be con- 
structed to order. The design given in Fig. 65 
gap of substantial proportions and one that is designed for 
continuous operation. The gap consists essentially of the 
two nickel steel or silver electrodes, mounted upon threaded 
tods, and supported by square brass pillars of suitable 
Proportions. One of the threaded rods is fitted with a 
large fibre handle for purposes of adjustment. Radiators 
consisting of discs of brass separated by washers are 
mounted in back of the electrodes in order that the latter 
may be cooled. The construction is so clearly shown in 
ie drawings that no further description is deemed neces- 

ny. 

‘The Oscillation Condenser.—The condenser comprises 
four wnits of .01 mtd. capacity each, so arranged that they 
Hay be connected in multiple one at a time by closing the 
three single pole knife switches mounted on the top of the 
cabinet. ‘The connections are clearly shown by the di 
gram in Fig. 68, 

Each unit of the condenser is composed of 10 plates of 
8x10 photographic negative glass coated on both sides 
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i of tin foil with Tugs projecting alter- 
oy 2 aac side and thea on the other as the wits 
see ysembled. ‘The construction of this type of condenser 
fe thoroughly covered in other chapters of the book. 

‘The Vacuum Tube Oscillation Transformer—This os- 

dillation transformer is of the Oudin type comprising a 
Secondary of 200 turns of No. 18 annunciator wire in a 
Single layer wound upon a cardboard cylinder 8 in, in di- 
‘meter and 13 in. long, and a primary helix of 10 turns of 
edgewise wound copper strip having an inside diameter of 
10% in, ‘The primary turns are supported by rectangular 
pillars of fibre or hard rubber preferably mounted upon an 
independent base in order that the complete transformer 
may be removed from the table without difficulty. 

‘The top turn of the secondary winding is connected 
with the brass ball surmounting the coil while the bottom 
turn is connected with a common ground terminal which 
is mounted upon a copper bar running the entire length of 
the table. The bottom turn of the primary helix is like- 
wise connected with this ground terminal. 

‘The X-Ray Oscillation Transformer—This coil is of 
the oil-immersed type. Fig. 67 shows clearly the method 
of construction and the reader will note that the trans- 
former is a combination of the Tesla and Oudin types. 
‘Two secondary coils are wound upon 6x8 in. cylinders of 
cardboard and the winding is to be of No. 22 D.C.C. wire 
Wound in a single layer until 200 turns are in place on each 
of the cylinders: The turns are either to be spaced in a 
lathe or else wound with a coarse thread between, for it is 
essential that they be separated fully the thickness of a 
Bisse of the wire in order that the very high potential be- 

turns may not puncture the insulation. Both sec- 

‘ondary coils are, of course, to be wound in the same direc- 
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tion as one coil is to be a continuation of the other when 
they are placed end to end. 

‘The two secondaries are secured to the central piece 
of woad which is fastened to the cover of the case that 
contains the transformer. The outside ends of the second- 
ary winding are connected with rods leading to the dis- 
charge balls of the coil while the inside ends are, of course, 
connected together, a wire passing through the supporting 
board for this purpose. 

The primary is composed of 8 turns of edgewise wound 


Fig. 67—OWvimmeredexilatin transtocmer for SoRay work 
‘copper: strip 7% in. inside diameter. The helix is divided 
in the center in order that 4 turns may be placed on either 
side of the wooden piece upon which the secondary cyli 
ders are mounted. The primary turns are mounted upon 
slotted fibre supports in the usual manner. A tap consist~ 
ing of a length of heavy incandescent lamp cord is soldered 
to each of the 3 outer turns on both sides of the helix and 
brought to its proper terminal in the cover of the case. 
‘The containing case should be of rather heavy stock 
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with sheet zine with comers carefully soldered, 

sab Dat i et ih rm cay st 
moved the entire cail comes out with it and there is ac- 
cordingly no necessity for attempting to make any connec- 
tions underneath the oil which fills the zine-lined case. 

When the mechanical work on the transformer is fin- 
ished, the cabinet may be filled nearly full of transformer 
oil, oF if this is not available, double-boiled linseed oil may 
be employed. The oil should be made very hot before the 
transformer is lowered into it in order that the air may be 
expelled. 

‘The essential details of construction are clearly shown 
in the drawing, Fig. 67. Further discussion is not deemed 
necessary. 

The D'Arsonval Oscillation Transformer—This is a 
standard “loose coupled" helix of the wireless type and it 
may be purchased complete for $12.00. It is simple of con 
struction, however, and the builder, if he so desires, may 
Purchase merely the edgewise wound copper strip, making 
the slotted hard rubber supporting posts and the wooden 
heads in his own work shop. ‘The copper helix is 7% in. 
in diameter and the strip may be purchased already wound 
at 15 ets. per turn. The primary or lower portion of the 
transformer comprises 8 turns while the secondary or upper 
Portion contains 22 turns. There is no electrical connec- 
tion between the two, the closed oscillating circuit taking 
in the primary while the patient's body is connected with 
the secondary. 

Assembly.—The entire lot of apparatus is assembled as 
shown upon a substantial table fitted wtih a shelf beneath. 

Fig. 68 gives a complete wiring diagram for the entire 
group of apparatus. The connecting wires should be of 
heavy stranded cable which may conveniently be made by 
Srouping four or five strands of heavy incandescent: lamp 





HIGH FREQUENCY APPARATUS 


cord together and binding them into a cable with tape or 
fishline, ana soldering the ends into suitable lugs. The 
variable connections to the turns of the primary coils may 
be clips of the conventional variety. The drawing suggests 














Fig, 68—Diagram of connection for the entire outit 
a clip of suitable design. The ground connection is abso- 
lutely essential and care should be taken to sce that the 
Ground terminal is connected with the nearest water pipe 
whenever the apparatus is to be set in operation. 





CHAPTER XIII. 


A PHYSICIAN'S OFFICE EQUIPMENT MADE 
WITH STANDARD MATERIALS. 


The materials used in the outfit described in this chap- 
ter can be purchased on the open market from the various 
electrical and supply houses. In this way a very inexpen- 
sive and highly efficient outfit can be put together. 

The complete set of apparatus is shown in Fig, 69, 





Fie. .—Complete, homemade offce outSt for physicians” use 


‘This may be said to represent the essentials of the equip 
ment without the trimmings such as controlling devices 

electrodes, treatment chair, etc. The apparatus as shown 
will produce the high frequency current required for-auto- 
condensation, X-Ray or vacuum tube treatment. The con- 


taining case or cabinet, controlling switches, etc. will 
: » controlling switches, ete, wil 
form the subject of the latter part of chapter. 
4s 
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From left to right in Fig. 69 we see the transformer, 
stationary spark gap, rotary spark gap, condenser, and os- 
cillation transformer. To define the terms just given we 
may say that the transformer receives the commercial sl- 
ternating lighting current from the house mains at a volt. 
age of 110 or that commonly used for running motors and 
lighting lamps in the house. The transformer converts this 
low potential current into one of several thousand volts 
pressure at the secondary terminals of the instrument 
‘This high voltage current “charges” the condenser which 
consists of two groups of metal plates separated by plates 
of insulating material. When the charge in the condenser 
reaches a certain critical value, the current leaps across the 
electrodes of the spark gap, thereby setting up electrical 
oscillations or a high frequency current in the circuit con- 
necting the condenser and spark gap. 

Now, the high frequency current generated in this cir- 
cuit is of comparatively low voltage, so we must utilize the 
principle of the transformer once more to “step up” the 
voltage to that required for X-Ray and treatment work. 
To do this we include in the oscillatory circuit a coil or 
spiral of brass or copper ribbon, having four or five com- 
plete turns, each turn separated from its neighbors by i 
sulating material. This forms the “primary” or low-ten- 
sion side of an oscillation transformer. To produce a very 
high voltage, high frequency current, we have merely to 
place within this primary a cylinder or cone of cardboard 
wound with a single layer of insulated copper wire, co 
necting the lowermost turn of the cylinder or cone winding 
with the inside turn of the primary. From this secondary 
coil we may take a current of perhaps hundreds of thou: 
sands of volts, depending upon the number of turns in 


winding and upon the relation of its winding to the balance 
of the circuit. 
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The transformer and condenser arc shown in Fig, 70, 
‘The current is applied to the primary at the left and taken 
from the secondary at the right of the transformer. Pri. 
mary and secondary are merely coils of very coarse and 
very fine copper wire, respectively, thoroughly insulated 
and mounted upon a core or hollow rectangle of silicon 
steel built up from thin sheets placed one upon the other, 


In Fig. 71 is shown the rotary spark gap and beside it 


the small stationary gap. The rotary gap is used when the 
apparatus is working at its full power for the production of 
a long and powerful spark for use with an X-Ray tube. 
The smaller gap is used for vacuum-tube treatment work 
where a small and very mild current, under perfect control, 
is used. 


Fig. 71—The retary and stationary spark 09 

Fig. 72 shows the oscillation transformer which steps 
®p the high frequency current. In Fig. 73 is shown the 
Winding machine, of wood, upon which the cardboard cone 
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‘The oscillation transformer may be purchased, but it 
so easily constructed that the builder is advised to pe 
it, The first requisite is the cage upon which to do the 
winding. The construction is obvious. Three discs of 


Fig. 72—The complete oacition transformer 
wood are cut by means of a scroll saw and mounted upon a 
length of dowel rod-which is in turn carried in the simple 
‘wooden uprights which form the bearings. Slats of thin 
wood are then nailed to the discs to form the conical cage. 


Fie. 11—The inprovned winding macioe 
In forming the paper cone, red rope insulating paper 
should be used. This paper is heavy and stiff and it has 





STANDARD OFFICE EQUIPMENT 1” 


excellent insulating properties. A disc of paper of the cor- 
rect size to form the cone should first be cut. The size of 
the cone may be varied within reasonable limits in the 
‘event that the builder may have some substitute for the 
winding rig shown, However, it is well to adhere as 
closely as possible to the dimensions given here, This 
‘cone is 4 in. across the top, 12 in. at the base, and 15 in, 
high at the perpendicular. 

Some assistance will be required in rolling the disc of 
paper into a cone or cornucopia before slipping it upon the 
form. ‘The final trimming may be done when the cage or 
form is inside, Glue may be used to hold the edges of 
the paper together, but we recommend the use of shellac or 
‘some other insulating compound as the water in the glue is 
likely to cause trouble. When the adhesive is thoroughly 
dry, the seam may be sandpapered smooth and the entire 
surface of the cone coated with shellac preparatory to 
winding. 

The winding for this size of cone is a single layer of 
No. 22 double cotton covered magnet wire. The winding 
is started at the smaller end of the cone, small brads being 
driven part way into the slats at the end of the cone to pre- 
vent the succeeding turns of wire from forcing the first 
ones off as the winding proceeds. ‘The base of the winding 
rig should be firmly secured to the work table before start- 
ing in, 

‘When a single even layer has been placed, the end of 
the wire is secured by passing it through the cone and 
plugging the hole with a toothpick dipped in shellac. 
‘Then the entire surface of the winding is thoroughly 

‘coated with shellac, care being taken to see that the fluid 
‘soaks well into the insulation of the wire. When this coat 
is thoroughly dry, paint a second time and a third. Make 
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sure that each coat is perfectly bone dry, however, before 
starting the next. 

When the winding is finished, attach a wooden dise to 
the top of the cone and to this a bed-post ball of brass, 
Solder the topmost end of the winding to this ball. Sol- 
der a piece of flexible lamp cord to the lower end of the 
winding~and secure in place so that the fine wire will not 
unwind in use. The oscillation transformer is not com- 
plete with the exception of its primary which is so simple 
as to need very little description. 

The primary is merely four turns of brass or copper 
ribbon, of about No. 26 gauge, and one inch wide, wound 
into a spiral 15 in. inside diameter, with turns separated 


Fig. 74 —The oll used for D’Arsonval and Thermo-Faradic treatments 


by a strip of corrugated paper packing. Bindings of tape 
at frequent points hold the turns together. Connection to 
the turns is made by means of brass clips formed by bend- 
ing pieces of the brass ribbon in two and soldering a piece 
of lamp cord to the top of the clip thus formed. 

The coil used for. D'Arsonval and Thermo-Faradic 
treatments is shown in Fig. 74. The smaller ribbon spiral 
is in this case made to displace the conical secondary 35 @ 
lower potential is required. In the next article, the con- 
struction of a more efficient form of D'Arsonval coil will 
be described. 
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‘This completes the description of the essential parts 
of the apparatus. 

The cost of the apparatus will depend upon the size 
of the outfit; that is to say, upon the power of the equip- 
ment. For instance, for light tube treatment and auto-con- 
densation work in a patient's home, it would be absurd to 
build an outfit of the power of that shown in our illustra- 
tions. One quarter of that power would be sufficient, For 
the physician's office, however, where an X-Ray picture 
may have to be made of any part of the body, the larger 
power is worth while, particularly as such an outfit is not 
very expensive. 

For convenience, we have divided our estimates into 
groups of 34, %, and 1 kilowatt, in size. The oscillation 
transformer may remain the same for all and as its cost is 
represented chiefly by the builder's time, this item is not 
listed, Neither is the cabinet to be described. We have 
listed only the items it will be necessary for the builder to 
purchase outright before starting construction: 

One-quarter Kilowatt 
Transformer, magnetic leakage type - 
Rotary gap 
Condenser, six sections at $3.00 each. 
Stationary gap . 
Safety condenser . 


One-half Kilowatt: 
Transformer, magnetic leakage type... 
Rotary gap. oc 
Constenser, five sections at $4.00. 
Stationary gap and safety condenser... 
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$115.00 

In these estimates, the transformer is quoted in the un- 
mounted condition. There is no need for paying several 
dollars for a mahogany cabinet that cannot be used in the 


outfit. The condensers are made in two sizes, namely, 
0017 mfd. and 002 mfd. The latter are larger and 
stronger and are therefore used in the large outfits. The 
rotary gap is the same for all outfits as are also the station- 
‘ary gap and protective condenser. The latter is necessary 
to protect the house wiring from danger. 
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‘The details of the cabinet are given in Fig. 75. The 
pox may be constructed of mahogany, oak or white wood 
cmined and finished to suit the taste of the builder or to 
farmonize with the furniture in the office. All of the nec- 
essary details of the cabinet are given in the drawing and 
fis believed that further description will be unnecessary. 

Fig. 76 shows the cabinet with cover shut down and 
the following instruments mounted upon it: operating key, 
impedance and primary regulators, rotary gap, switch and 





Fig. 76—The cabinet closed 
controlling rheostat, single pole, single throw knife switch, 
stationary gap, and inductance coil. 

Referring to Fig. 77, we have an enlarged view of the 
left-hand end of the cabinet with impedance coil removed 
to show method of mounting. This coil consists of a core 
‘of iron wire made up into a bundle 2 in. in diameter and 
7% in. long. On this core is placed a single winding con- 
sisting of 700 turns of No. 14 D.C.C. wire disposed in even 
layers and with eight taps taken out of the winding at the 
last eight layers. These taps, together with the starting 
and finishing ends of he coil make ten leads in all to be 
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connected with the contacts of the impedance switch on the 
Cover of the cabinet. The object of this impedance is to 
feduce the amount of current flowing through the primary 
Of the transformer, when operation at full power is not de- 
fired. The impedance, furthermore, makes it possible to 
produce some very: curious and valuable phenomena in 
connection with the high frequency discharge, 

‘The protective device, consists of two standard con- 
densers of the telephone type, having 2 mid. capacity each, 


Fig, 77, Method of monnting impedance coil 
connected in series, with the outside leads placed across the 
primary supply wires and the neutral point grounded 
This protective device can be purchased in the open mar- 
ket about as cheaply as it can be constructed by the ama- 
teur. Its use is absolutely essential to the safety of the 
apparatus and the house wiring. 

The high tension transformer is secured in the cabinet 
by means of wooden clamping pieces clearly indicated in 
the drawing. At the end of the first layer of the primary 
winding, a tap of flexible cable is soldered. This will be of 
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reat service in connection with the impedance in produe- 
ing such effects as the spray or effluve so desired by many 
practitioners. The secondary leads from the transformer 
make connection with the ends of a pair of brass rode 
which pass through the partition and directly over the con. 
denser. Across these rods is also secured a safety gap 
comprising two pieces of flat brass strip, so arranged that 
the space between their ends is not greater than $4 in, 
The rods should be insulated from the cabinet and the 
jon where they pass through the walls by means of 





Fig, AGahine, showing controling switches 
hard rubber or composition bushings such as are used in 
incandescent lamp sockets. These rods pass directly 
through the end of the cabinet where they terminate in 
binding posts from which the desired leads may be taken. 
‘The mounting for the condenser is so arranged that a 
free circulation of air is produced between the sections and 
around them. This is essential if the outfit is to be placed 
in tong continued operation, oa 
ie diagram of connections for the entire outfit is 
fiven in a separate drawing. 
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Referring to the illustration Fig. 76, we note that all of 
the controlling switches and other parts which require ad- 
justment are located on the cover of the cabinet. The 
standard wireless key at the left is of course placed in 
series with the transformer primary circuit. Fig 78 is an 
enlarged view of this end of the cabinet and it shows 
clearly the arrangements of the controlling switches. Fig, 
79 is an enlargement of the right-hand end of the cabinet 

i how the rotary and stationary gaps are placed in 
multiple merely by closing the small knife switch. For all 


Fig. 79—The cabinet, showing the apuck ox 
currents at full power or thereabouts the rotary gap is used. 
For the more delicate currents such as that required for 
¥acuum tube treatment, the stationary gap is employed 
By using the full impedance and closing in the stationary 
ap, 2 spark a fraction of an inch in length and so mild 
that it may be directly applied to the bare skin without any 
Pain whatever may be produced. From this we may £0 
to the other extreme by opening out the stationary gap, 
Starting the rotary, and cutting out all impedance. This 
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will give us the crashing flame shown in some of the illus: 
trations of the discharge. 

‘The inductance is placed in series with the primary of 
the oscillation transformer or Tesla coil. This inductance 
consists of 20 turns of No. 10 bare copper wire, wound up- 
on a cardboard drum or cylinder, and with each turn sep- 
arated from its neighbors by a generous space. This wind- 
ing may,be done by winding two turns of heavy cord in 
parallel with the wire, removing the cord after the winding 
is finished. A substantial sliding contact is mounted upon 
the wooden coil ends, as shown clearly in the illustration 
Fig. 79. This coil is of great service in obtaining reson- 
ance by tuning the oscillation circuit. 


Fig. S0—A standard form of Tess coil 

A form of Testa coil available in the open market =f 

a reasonable price is illustrated in Fig. 80. The constr 
tion is simple and believing our readers might core au 
build one, we are giving herewith the specifications. 1e 
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1034 in. inside diameter. This helix is divided into 


primary 
strip 
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two parts of three turns each, connected together in the 
middle and mounted upon bakelite posts on cither side of 
the central upright picce which is of wood. The secondary 
consists of two cardboard cylinders wound with a single 
layer of No, 24 double cotton covered wire, the winding 
covering the entire length of each cylinder with the excep- 
tion of an inch at either end. This winding must be very 
thoroughly filled with shellac, layer after layer being put 
on, and each one being thoroughly dry before the next is 
applied. The secondary coils are joined at the center and 
this point connected with a binding post which leads to’ the 
ground wire, The outer ends of the winding lead to the 
discharge rods shown in the illustration, 

A complete wiring diagram for the apparatus described 
in this chapter is given in Fig. 81. 





CHAPTER XIV. 
HOT WIRE METER CONSTRUCTION. 


‘A Hot Wire meter is the most easily and cheaply con- 
Structed of all practical electrical measuring devices. It 
may be used either as an ammeter, or in series with a re- 
sistance, as a volt-meter, on direct or alternating current of 
any frequency, and it is the most satisfactory high fre- 
quency current measuring device known. 

The principle upon which a hot wire meter operates is 
the expansion of metals when heated. The current passes 
through a long, fine wire “element,” which becomes longer 
when heated by the traversing current. The one end of 
this wire clement is fixed stationary, while the other end is 
attached to a lever, which acts as an “indicator.” In this 
way the linear expansion of the wire causes a movement 
of the indicator which is proportional to the square of the 
current. 

The instrument here described will give very good re- 
sults and it may be constructed at a minimum cost, Its 
current carrying capacity and sensitivity may be varied by 
changing the cross-sectional area or material of the wire 
used. Platinum alloy wire is generally used on commer- 
cial instruments on account of its high melting point, but 
for experimental work, copper wire will very often answer 
very well. The higher the resistance and the greater the 
co-efficient of expansion of the wire, the more sensitive the 
instrument. The higher the conductivity of the wire, the 
Ereater the current it may carry for a given cross-sectional 
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area. The temperature of the wire should not go too high, 
because the higher the temperature of the wire above that 
of the surrounding atmosphere, the greater the loss of heat 
by radiation, and hence the greater the inaccuracy of the 
area of the wire must be determined by the current and 
use for which the instrument is intended. It is best to 
instrument. Therefore, the material and cross-sectional 
experiment with several wires to find which is best adapted 
to the purpose. 

‘The hot wire meter is absolutely “dead-beat,” i. ¢, the 
pointer does not fluctuate but comes to an absolute rest 


85 soon as it reaches the extent of its travel. To offset this 
Pronounced ‘advantage, the instrument is slow to record. 
‘The hot wire clement takes a certain amount of time to 
Assume its final temperature and degree of expansion and 
the pointer moves slowly over the scale. If a very fine 
Wire is used for the element, the action is hastened and the 
inability of the fine wire to carry any great amount of cur- 
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rent be overcome by using a shunt across the meter term? 
inals. 

Fig. 82 shows the meter in a plan view while Fig. 83 
gives an idea of the movement. The hot wire, 1, is sup: 
ported between two posts, 2, 2, to which the current is 
applied. Attached to the center of the hot wire by means 
of a fine wire hook 3, is a length of silken thread which 
passes in three turns around the spindle of the pivot 4, 
Which carries the pointer. This spindle is taken from an 
old alarm clock. From the spindle, the silk passes to the 





Fig. 81 —Morement of the hot wite meter 


end of a coiled spring 5, which is, in turn, held by a low 
post. When the wire element is heated, it lengthens and 
Permits the silken thread to be drawn forward by the ten- 
sion of the spring, turning the spindle and moving the 
Pointer over the scale at the same time. 

The dimensions given in Fig. 82 are not hard and fast, 
but they are good in that they produce a meter of tested 
efiiciency and value. Fig. 84 suggests the method o! 
mounting the pixot which carries the pointer. The bridge 
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is bent up of brass strip and the lower bearing is passed 
through the base of the meter. 

‘The meter may be covered with a suitable case, pre- 
ferably of wood if the instrument is to be used on high 
frequency currents. The mechanism is, of course, covered 
by the case which has an opening cut in it to show the 
scale, The latter should be made as the instrument is 
calibrated, If no standard meter is available for calibra- 
tion, the values may be placed on the scale with fair accur- 
acy if a bank of 16-candlepower carbon lamps is available 
‘on a 110-volt circuit, Each lamp takes approximately 4 


Fig. 84.—The Meter pivot. Showing connections for calibration 
amp. and by adding one lamp at a time and marking the 
scale in half ampere divisions, a fairly correct scale will be 
the result. Various shunts should be experimented with 
during the first tests in order that the correct one may be 
Permanently connected across the binding posts of the 
meter. If the meter is to be read from 0 to 10 amp., a strip 
of German silver 34-in. wide and in about No. 28 to 30 
‘gauge will be approximately correct. In testing, turn the 
current on in gradually increasing amounts until 10 amp. 
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pass. If the pointer docs not describe a full-scale deftes- 
fion, cut a narrow strip from the shunt and try again, 
Continue this paring operation until the needle sweeps to 
the end of the scale when the full amount of current is 


ing. 

‘For electro-therapeutic purposes, the meter will require 
no heavy shunt as the current is measured in milli-amperes 
or thousandths of an ampere. The most practical scale is 
‘one reading from 0 to 2000 ma. (or, 0 to 2 amps.). 

‘The adjustment for zero is effected by turning the 


Fig. 15 —The meter in ts exe 
spindle 4, within the coils of silk thread. This is a danty 
operation but patience is rewarded by success. The thread 
will give some trouble owing to its propensity for absorb~ 
ing moisture and changing its length in consequence. The 
only remedy is cither to seal the case hermetically or, bet~ 
ter still, to use a length of the fine tinsel known as “galva~ 
nometer suspension.” This may be obtained from # maker 
of high-grade instruments if the builder is fortunate in 
being near one. The material is exceedingly thin and nar- 
row phosphor bronze strip. 

‘The hot-wire element should be left just a trifle slack. 
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‘Under no circumstances should it be taut. Before calibrat- 
ing the instrument, the wire should be “aged” by heating 
it to its maximum several times and permitting the pointer 
to come back fully to the zero point. This will lessen the 
variation from zero... 





CHAPTER XV. 


NOTES FOR THE BEGINNER IN ELECTRO. 
THERAPEUTICS. 


This chapter is intended, as its name implies, for the 
physician who feels a growing interest in the possibilities 
of electro-therapeutics but who knows very little of the 
subject. The discussion, therefore, opens with a descrip- 
tion of the electrical apparatus in order that the lay reader 
may understand the reference to the various instruments 
in the latter portion of the chapter. 

‘The Transformer.—The alternating current taken from 
the house lighting circuit at perhaps 110 volts is passed 
through @ suitable controlling switch to the primary of the 
transformer, The function of this device is to change the 
intensity or voltage of the current from that suitable for 
lighting lamps to one many hundred times higher. The 
Principle of the transformer has already been discussed in 
these columns, but for the benefit of the lay reader it may 
be said to be briefly as follows: When an alternating cur- 
rent is made to flow through a wire, a similar current will 
be produced in a second wire placed beside the first but 
having no connection with it. If the two wires be wound 
into coils and the coils placed side by side, the effect is 
greatly enhanced, and if a mass of laminated iron be placed 
within the openings in the coils the effect shows a very 
marked increase. This property of the alternating current 
is known as “induction” and the current produced in the 

1665 
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‘second wire is said to be induced by that in the first. The 
voltage of the current induced in the second wire is in 
direct proportion to the ratio between the number of turns 
‘of wire in the first and second coils. Therefore, if the first 
coil contains one hundred turns and the second coil one 
thousand turns, the voltage induced in the second coil will 
be ten times that applied to the first. Accordingly, let us 
assume that in our transformer there are one hundred turns 
of wire in the first coil or primary, as it is called, and thirty- 
five hundred turns in the second coil or secondary. If we 
impress a voltage of 110 on the primary we shall have & 
voltage of thirty-five times 110 or 3850 volts at the second- 
ary termiinals. 

This high voltage makes it necessary to employ highly 
specialized methods of insulating the windings of the trans- 
former for the tendency of the very high potential current 
is to leap through the air for a fraction of an inch or to tear 
its way through even the best of insulators unless they 
present sufficient resistance to its passage. 

We shall next see how this high voltage is applied to 
the operation of the apparatus and what measures are taken 
to safeguard the patient from the dangerous current. 

We have learned that the alternating current, after 
entering the apparatus within the instrument case, is trans- 
formed or stepped up in voltage to a value perhaps hun- 
dreds of times as high as that at which it entered the in- 
strument. This voltage would prove dangerous or fatal 
‘under certain circumstances if it were applied to the body of 
& patient in its existing state. Before it cam be used, there- 
fore, it must be converted to a current of very high fre~ 

quency, i. ¢, one which changes its direction of flow hun- 
dreds of thousands or perhaps even 2 million times per see 
ond. The astonishing characteristic of such a current is 
that it may be applied to the human body in quantities 
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‘which would prove fatal if the current were of the com- 
mercial frequency. 

‘The Condenser and Oscillatory Circuit—Tracing the 
course of the high potential current as it leaves the second- 
ary of the transformer, we find that it passes into a device 
called a condenser. This piece of apparatus consists of a 
number of sheets of tinfoil separated by plates of mica or 
glass. The foil sheets are supplied with lugs projecting 
alternately first from one side and then from the other as 
the foil and mica plates are assembled. The alternate lugs 
are soldered together on cach side and to these joints the 
wires from the transformer are fastened. Passing from the 
condenser we find the current flows through the primary of 
another transformer, but oné without an iron core, and 
finally across a spark gap and back to the condenser, 

The condenser acts as a reservoir for the current, 
wich stores tp as a charge on the plates until the tension 
becomes so great that the current leaps across the spark 
gap in a crashing discharge. This discharge is not com- 
posed of a single spark, as appearances would seem to indi- 
cate, but it comprises many separate discharges which 
surge back and forth across the gap with a motion which 
may be likened to that of a swinging-pendulum. When 
the energy is finally spent the discharge would naturally 
cease, but during all this time the condenser is again re- 
plenishing its supply from the high voltage terminals of 
the transformer and as soon as one discharge has died 
away, there is another charge ready to take its place, All 
of this happens perhaps in the ten thousandth part of a 
second of less. 

‘The oscillatory discharge of the condenser across the 

Bap sets up a current of very high frequency in the cire 
‘hich includes the primary af a second transformer init, a4 
Previously explained. Obviously, therefore, it is only 
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necessary to place within this primary a secondary coil 
having 2 suitable number of turns of wire in order to obtain 
a high frequency current of any desired potential. ‘There 
i pe clectrical connection between the two in the case of 
certain forms of apparatus and, owing to the fact that 
fothing but the current of high frequency would induce 
Another current in the secondary of this transformer—due 
fo the absence of an iron core—there is no danger whatever 
of the patient receiving 2 shock of low frequency current 
from the secondary terminals. 

‘The generation of the high frequency current having 
been explained, the method of adapting it to the various 
electrodes and their uses will next be considered. 

Disregarding for the moment the effects of the various 
frequencies upon the body, we may turn our attention to 
the broad classifications given by the manufacturers of 
apparatus to the currents produced. The classes are in the 
main but three: the Tesla or high potential current, the 
D'Arsonval or medium potential current, and the thermo, 
or as it is sometimes called, the diathermic current which is 
of comparatively low voltage as high frequency currents go. 
In order that the respective uses of the three currents may 
be the more fully understood, it is proposed to treat them 
‘under their proper headings. 

‘The High Potential or Tesla Current—This current 
is that taken from the terminal of the post which tops the 
high frequency apparatus and it is generally applied 
through a vacuum electrode of glass which is held in an in 
sulated handle of suitable form. The application is quite 
‘without pain, and, in fact, without much of any sensation 
other than gentle warmth, unless the electrode is lifted 
from the skin in which case the resultant spark is rather 
painful. ‘Therefore, onc of the first points for the operator 
to impress upon his mind is the fact that the electrode 
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‘should never be applied or taken from the patient without 
the operator placing his own hand upon the glass to divert 
the current from the patient. The entire success of the 
clectro-therapeutic treatment may be said to rest in the 
practitioner first of all inspiring confidence in his patient. 

‘The most pronounced physiological effect of the high 

voltage current is shown in the increase of blood supply to 
the part under treatment. This results in an improvement 
in the local nutrition. Other characteristic efforts are an 
increase of heat locally 

perature, a marked increase in excretion and secretion, and 
a general effect which may be either sedative or stimulat- 
ing accordingly as the current is higher or lower in 
frequency. 

In at least one particular can the vacuum tube appli- 
cation be said to be the direct opposite to the low voltage 
or DArsonval treatment. The effect of the vacuum tube 
treatment is to increase the arterial tension when the tube 
is passed up and down the spine, while the auto-condensa- 
tion treatment with the D'Arsonval current is exceedingly 
efficacious in reducing the blood pressure. The pertinent 
fact here is to note that in cases of arteriorsclerosis, the ap- 
Plication of the vacuum tube to the spine should never be 
made, However, where the blood pressure is found to be 
normal, this treatment is of great advantage in producing 2 
general tonic effect upon the system, particularly if a mod- 
rately low frequency is used. 

In cases of alopecia and other diseases of the scalp and 
skin the vacuum tube treatment has been found invaluable. 
The treatment has received a large amount of publicity 
under the misnomer of "The Violet Ray,” and so far has 
this misleading advertising been carried that the treatment 
has frequently been condemned as quack. The violet ray 
Part of the proposition is simply a fascinating and perhap 
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ding trade name which was undoubtedly 
coined as a result of the appearance of the vacuum tube 
qwhen the current is passing. The interior is filled with a 
purplish blue light which has lead to the conception which, 
while it makes no claims definitely, leaves the uninitiated 
under the impression that the treatment is in some way asso- 
ted with the famous ultra-violet rays of Finsen. The fact 
of the matter is that even though there were an appreciable 
amount of ultra-violet light generated within the tube (as 
is probably the case), the glass walls are practically opaque 
to the ray and its passage to the patient would be stopped. 
However, beyond the mere fact that this slight deception 
has lowered the dignity of the treatment and has made it 
a name almost as common as that of a patent medicine, the 
incident need not concern us. The merit of the high fre- 
quency current properly applied is now definitely estab- 
thed beyond question, and the physician who first learns 
its powers and then uses it honestly is sure to derive ever~ 
lasting satisfaction from the treatment. 
The treatment has met with the most encouraging suc- 
cess in the stimulation of the growth of hair on heads 
not hopelessly bald, and the experience of a number of 
Prominent workers goes to show that even gray hair may 
be restored to its original color through a perfectly natural 
Process. While success has not come in every case, still 
the results are so encouraging that the writer believes he 
is justified in stating that this trcatment offers a distinct 
‘Spportunity to the scalp specialist who is willing to apply 
himself with the same diligence that he would bestow upon 
some unfamiliar but promising drug. The effects of the 
treatment are cumulative, and in stubborn cases patience 
is necessary, for while the first few treatments do not per 
‘haps have the desired effect, the cumulative characteristics 
come out after persistent administrations. 





CHAPTER XVI. 


PLANT CULTURE WITH HIGH TENSION 
CURRENT. 


‘There appears to be a decided scarcity of data cover- 
ing the process of plant culture through the agency of elec- 
tricity. The contributions on the subject have been any- 
thing but specific in nature and this is due; in part, to the 
fact that most of the experimentation has been carried on 
by private investigators who, for various reasons, do not 
seem disposed to make public the results of their research. 
Tn this country, the greatest progress has probably been 
made by the agricultural departments of several schools 
and colleges, and it is to the excellent bulletins from this 
source that the author is indebted for much of the data 
that led to some private experimentation. While the pres- 
ent discussion is based upon this experimental work, the 
author does not wish to pose as an authority on the subject 
and the remarks herewith are offered in the hope that they 
may lead to some private research on the part of the 
readers. An interchange of ideas and experiences is invited 
and it is felt that such a policy will be conducive to 2 
ee Presentation of the subject in later editions of this 

ok, 

While the art of electroculture is almost wholly in the 
experimental stage, still it may be said that the experiments 
are productive of really practical results and the apparatus 
necessary for their performance is not expensive, providing 
the investigator is content to begin on a small scale. 


m2 





‘There are several methods by which plant life may be 
stimulated with the electric current and, in treating of the 
Gubject, the author will outline these methods briefly in 
‘order that the detailed descriptions of the equipment neces- 
sary in each particular case may be made clear, The con- 
struction of the apparatus involved will then be covered 
and it will be optional with the experimenter whether he 
constructs his apparatus or buys certain parts of it ready- 
made from manufacturers. The latter course is desirable 
in many instances as many instruments are rather difficult 
of construction and can be purchased ready for use almost 
as cheaply as they can be made in the home workshop, 

Electroculture Methods.—The methods by means of 
which plant life may be stimulated with the electric current 

vided broadly under two headings: one, 

the rays from an electric lamp are permitted to fall upon 
the area under cultivation, and the other, that in which a 
high potential current is sent through a network of wires 
stretched over the plot of ground, This latter method may 
be further subdivided into two basic headings: One in 
which a high tension direct or low frequency alternating 
Surrent is sent through the wires and, the other, that which 
employs a high potential, high frequency current. The 
former is simpler and productive of very good results; the 
latter is the more effective and, in some cases its results 
have been spectacular. 

Merely because the high tension discharge method was 
Productive of the most encouraging results in the personal 
Seen nce Of the author this method will be discussed first 
ee It is not claimed that this is the right or even the 
oupreaete it simply “worked” where others failed 
Decjiced thesny na isual investigator who is naturally 

subject under investigation was a bed of lettuce, 
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10 feet wide by 20 feet long. This was situated across a 
‘yard and 50 fect from the companion bed used for purposes 
of comparison. The two beds were boxed in with lumber 
and topsoil was taken from the same load for each; in fact, 
the conditions were as nearly identical as it was possible 
to make them. Four posts were set up at the electrical 
bed, in the corners of the plot as shown in Fig. 86. At a 
distance of 5 fcet from the ground, ten wires were spanned 
from cross-arms attached to the poles. The wires were 








Fit 86—Showing wan of wires to cry the high tension cursent over «plot of 


carefully insulated with two porcelain cleats in series at 
the end of each wire and a common lead connected the span 
of wires at one end as shown in the illustration. A ground 
Connection is made by means of strips of galvanized iron 
“chicken wire” buried in the earth beneath the bed. The 
aerial conductor is brought to a small shed or other shelter 
arranged near the bed under cultivation and in this shed 
the high-tension transformer is placed. The power, wires 
from the electric lighting circuit are carried to the trans- 
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former shed and a switch is conveniently placed both at 
the shed and at the point where the wires leave the house 
or pole. 

Caution Must Be Observed —The utmost care must be 
used to prevent the possibility of persons coming in con- 
tact with the span of wire over the bed, or, indeed with 
cither wire leaving the transformer secondary, as the yolt- 
age delivered at this point would produce a dangerous 
shock. To afford a safeguard in this particular, a fence 
should surround the plot and a contact be arranged at the 
gate in such manner that when the gate is opened a bell 
will be caused to ring and this will remind one to turn the 
current off from the transformer before entering the gate. 
This device is not difficult to design and in fact it may con- 
sist of one of the familiar release pushes such as are used 
on door jambs. 

The transformer used by the author delivered a poten- 
tial of 10,000 volts and was rated at $4 kw. ‘The construc- 
tion was of the closed core variety and the instrument was 
immersed in oil to assist in cooling as the runs were from 
8 to 12 hours daily. Such an instrument can be purchased 
for a small sum from manufacturers of wireless telegraph 
apparatus and the experimenter is advised to buy one out- 
tight, The necessary details are given, however, so that 
the ambitious worker may try his hand at the job if his 
courage is good. 

Construction of the Apparatus—The transformer to be 
flescribed is generously proportioned in order to provide 
ample insulation and radiation surface. The constructional 
Sctails for a transformer to operate on the usual GO-cycle, 

UO-velt supply are given herewith and in the full-page 
Plate the worker will note that data for 25-cycle and 
eycle instruments are given also. The windings for 70, 110 
4nd 220 volts are appended as well. 








PRIMARY SECONDARY 


700 Turns 64000 Turns 
No. 14 DCC. No, 36 Enam. 
350 Turns 32000 Turns 
No, 12 D.C. No. 4 Enam. 
17S Turns 16000 Turns 
No. 12 D.C. No. 34 Enam, 


From the working drawing, the core is seen to be built 
up from pieces of sheet iron or silicon steel .014 in. thick 
and 73% in. long by 2 in. wide. This is for the 60-cycle 
‘transformer. The same general directions apply in the case 
of the other frequencies, therefore the description will be 
confined to the one only. In all, 460 pieces will be re- 
uired. If silicon steel can be obtained from some trans- 
Sep. manufacturer it should by all means be used as it is 

expensive and its bility is very much higher 
than that of ordinary sheet iron. ‘The core irons ac aid 





Ble i each has assumed a thickness 
Ree hetich ad pieces are fitted in the spaces 
Iefe in the ends of the piles as shown in Fig. 87. Friction 
tape should be wrapped around the pieces of iron to hold 
them in place. , 

The primary coil consists of 350 turns of No, 12 D.C.C. 
magnet wire wound upon a form which will give'the open. 
ing in the coil a diameter of 3 inches. The primary may 
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be wound to a length of 41 inches and after it has been 
Femoved from the form it should be carefully taped. 

< Secondary is wound in 2 section, each containing 
12000 turns of No. 34 enameled wire. These sections alte 
have an opening 3 inches in diameter to permit their being 
tlaced over one leg of the core, The winding is in 80 
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layers and has 200 turns to each layer. A strip of oiled 
paper 2 inches wide separates each layer of from its 
neighbor and as the 200 turns will occupy a space of ap- 
proximately 13 inches, it is obvious that a space of 54 
inch will be left as a margin on each side of the paper. 

‘The starting end of the winding of cach section is sol- 
dered to a strip of thin copper ribbon which extends beyond 
the edge of the coil. The finishing end is likewise con- 
nected to a piece of ribbon which should come out on the 
opposite side to that of the starting end. The final layer 
of wire is covered with several thicknesses of the oiled 
paper to afford mechanical protection. The two sections 
of the secondary are to be wound in such manner as to 
permit the current to flow in the same direction around the 
core when the two starting ends are joined together. 

The primary and secondary are to be assembled upon 
the core as shown in the drawing and the secondary sec- 
tions are insulated from each other and the core by discs of 
heavy fibre, The remaining core irons may then be placed 
in position and the core clamped between wooden picces 
as the drawing indicates. Pieces of flexible wire are joined 
to the secondary leads and the entire transformer is then 
placed in position in a sheet iron container made oil tight. 
Wires leading from the secondary and from the primary 
are brought to suitable terminals in the top of the trans~ 
former case. The case is then filled with transformer oil 
until the transformer is well covered. It is believed 
that the drawings will make the details clear and that fur- 
ther description is unnecessary. 

___ Itis, of course, understood that the line wires supply 
ing the alternating current of sixty cycles at 10 volts are 
connected with the primary terminals while the secondary 
terminals deliver a current at approximately 10,000 volts to 
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res over the plants to be cultivated; that is 
Poe ener sie leads to the overhead wires 
while the other secondary terminal is connected with the 
ee interesting report 
con electroculture experiments was made recently by Mr. T. 
C. Martin at a convention of electrical men and from this 
report it may be deduced that, of all the processes by 
means of which plant life may be stimulated, the one ene 
ploying the high frequency current as it fundamental prin- 
ciple is the most successful by far. 

The experiments mentioned by Mr. Martin were car- 
ried out at the Moraine Farm, a few miles south of Day- 
ton, Ohio, and located in the celebrated Miami River Va 
ley. The experiments were promoted by F. M. Tait, 
formerly president of the National Electric Lamp Associ 
tion, and were in the immediate charge of Dr. Herbert G. 
Dorsey, whose work in this line has long been wotthy of 
note. 

“In preliminary tests, according to Mr. Martin's re- 
Port,” says the Philadelphia Inquirer, “small plots were 
marked off for exposure to different kinds of electrification. 
‘To insure that the soil of one plot was not better than that 
of another, top earth was collected, mixed and sifted and 
then was laid to the uniform depth of seven inches over 
the entire area.” To quote further: 

“In the soil of Plot No. 1 was buried wire screen. 
Over the plot was a network of wire, stretched about 15 
Weehes from the ground. Connecting the network above 
the ground and the Screen below were several wire an- 
sans: The screen was connected to one terminal of 2 
Tesla coil and the network to the other. A transformer 
Stepped 2 10-volt alternating current up to 5,000 volts, 

* condenser of tin-foil and glass plates, which dis- 
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charged through a primary of the coil. About 130 watts 
were operated for an hour each morning and evening. 

"Plot No. 2 was illuminated by a 100-watt tungsten 
lamp with a ruby bulb. The light was turned on for three 
hours daily beginning at sundown. Plot No. 3 was illum. 
inated the same way, except that a mercury vapor lamp 
was used. No. 4 had no artificial stimulation of any kind, 
being intended as a comparison between electrically ex- 
cited plant growth and that of natural conditions. 

“In Plot No. 5 was buried a wire network connected 
to the terminal of a 110-volt direct current. The positive 
terminal was attached to a small sprinkling can with a car- 
bon electrode in its center. The can being filled, the water 
was subjected to electrolysis for several minutes. The plot 
was then sprinkled from the can, the theory being that the 
current might flow from the can, through the streams of 
water to the soil. 


“Plots Nos. 6 and 7 were sub-divided into four indi- 
vidual boxes, two feet square, separated by porcelain in- 
sulators and arranged with carbon electrodes at each end. 
To these electrodes were applied both direct and alternat- 
ing currents. 

“After radish and lettuce seed had been planted and 
Rermination had begun, the various methods of electrifica- 
tion were tried with extreme care. The result of the ex- 
Periments showed that the plants in Plot No. 1 grew in 
every instance far more rapidly than those in the other 
beds and more than double the normal growth as shown 
in the unelectrified bed.” 

‘The comparative results obtained with the various 

Processes may be noted in the table which follows, and it is 
ting to observe that the high frequency current from 
the Tesla coil takes the lead from the standpoint of weight 
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of the edible portion of both radishes and lettuce grown 
under its influence: 
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CHAPTER XVII. 
HIGH FREQUENCY PLANT CULTURE. 


High Frequency Cultivation—The successful gencra- 
tion of an electric current at high potential and high fre- 
quency offers a problem not easy of solution, particularly 
if this current is to be put to practical use for long-con- 
tinued periods of time. While there are several methods 
of producing the current, only one will be considered here 
the others are deemed impractical for amatcur use, 

The generator to be described is designed for hard 
duty, The complete apparatus comprises a transformer, 
condenser, spark gap and an oscillation transformer. In 
the construction of the apparatus, a fairly complete electei- 
cal knowledge is essential, The high-voltage transformer 
must be carefully made and properly insulated, while the 
accessory apparatus requires not a little mechanical skill 
for its successful completion. Once constructed, however, 
the operation of the outfit is a simple matter and quite 
within reach of the average fruit or vegetable grower. 

In order to simplify the explanation, the description of 
the transformer will be divided into sections, each bearing 
the appropriate heading. 

In accordance with the inevitable policy of this book, 
the data for transformers of various frequencies are given 
in the full-page plate appended. The description is for 
the 60-cycle instrument, and, as the construction of the 
others is the same, a repetition would be superfluous. 

, Construction of the Core—The core is composed of 
thin sheet iron or preferably silicon steel which may be 
is2 











obtained from transformer manufacturers. ‘The sheet metal 

js to be cut into strips according to the specifications given 

jn Fig. 90. The 2 by 6 inch strips are divided into two 

piles of 130 pieces each and these strips are assembled al- 
fernately with the ends overlapping two inches. The 11% 
by 6 inch strips are next divided into four piles of twenty 
each and these are assembled alternately also. These 
packs are then to be placed above and below the assembled 
piles as shown in Fig. 92 to break the sharp corners. The 
piles are then wound tightly with tape and finally covered 
with several layers of press-board, preparatory to winding 
the primary and secondary. 

‘Winding the Primary and Secondary—The primary 
is wound on one leg of the core and the secondary on the 
other. The two cores are then joined in a complete mag- 
netic circuit by the end yokes as shown in Fig. 1. The 
primary winding consists of 125 turns of No. 10 D.C.C. 
copper magnet wire wound 25 turns per layer and five lay~ 
ers deep. Between each two layers of wire, a turn of 
press-board should be taken. The first and last turns of 
wire are held in place with loops of strong tape placed un- 
der the winding and drawn tight after the turns are in 
place. No shellac or other paint is used on the winding as 
the coils are to be immersed in oil when the transformer is 
completed. 

‘The secondary winding is in two sections, each con~ 
taining 4200 turns of No, 28 enameled magnet wire, making 
8400 turns in all. The wire is wound in layers about an 
inch wide and separated by a double thickness of oiled 
Paper between each two layers of wire. The paper should 
be 144 inches wide In Fig. 95 is shown the method of 
‘clamping the core leg in the lathe for winding. 

Before starting the winding, a strip of thin copper rib- 
bon is cemented to the insulation as shown in Fig. 96 to 
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proviile the connection between the two halves of the sec- 
‘ondary. A strip of paper is placed over the ribbon and the 
‘winding started after the end of the wire has been soldered 
to the ribbon. When the first section of the secondary has 
Been completed, the finishing end of the wire is sol- 
dered to a piece of ribbon, a few turns of paper taken over 
the final layer of wire, and the core leg removed from the 
lathe, The fibre shield which separates the two secondary 
sections is then slipped in place and the core replaced in 
gether by means of the copper strip. 





i, sug Oe: were 























of the maxnetic leakage 
the reverse direction ; that is, the core is turned end-for-end 
in replacing it to make the blank portion of the core take 
the place of the wound section, The second half of the 
winding is then started by soldering the wire to the cop- 
Per strip as before. Assuming that the lathe is turned al- 
Ways in the same direction, the act of reversing the core 
Sures that the direction of the winding shall be continuous 
‘in both sections, with their starting ends connected to- 
Assembling and Mounting—The secondary finished 
the two legs containing the windings may be stood on end 





HIGH FREQUENCY PLANT CULTURE. 185 


and the remaining core strips inter-leaved in place to com- 
plete the magnetic circuit. 

‘The reader is referred to Figs. 99 and 100, for the 
method of mounting the transformer. The core is gripped 
between clamping strips of hard wood and bolted to a base 
of the same material. The primary and secondary 
leads are conducted to upright pillars of hard rubber hav- 
ing a brass rod running through the centre. 














Mies 99 to 102 inchive—The wana(ormer ancmbled and deails of ie container 


fee he ftansformer is placed in a container of wood, lined 
with zine as shown in Figs. 101 and 102, which give the 
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proper dimensions. In the cover of the container are bored 
four holes to pass the terminal rods, 

‘When the transformer has been placed in the case, the 
latter is filled with transformer oil to within an inch of the 
top and the cover fastened down with screws. The addi- 
tion of substantial handles at the ends of the container 
completes the work on this portion of the apparatus, 

Construction of the Condenser—In the design of the 
condenser for our purposes, one or two primary requisites 
have constantly been borne in mind. The condenser is 











Fig 101—The condenser complete showing method of connection 
subjected to practically continuous use for several hours 
at a time and it is obviously essential that ample radiation 
‘surface be provided in order that the plates may remain 
cool, Coupled with this highly important point may be 
mentioned the importance of eliminating all corona or 
brush leakage around the edges of the tinfoil plates. 
‘These requirements are ordinarily met with in an oil im- 
mersed condenser, but the latter, to be efficient, should em~ 
Ploy only oil as its dielectric and such a condenser presents 





constructional difficulties not easily conquered by the ama- 
teur workman. As the next best solution of the problem, 
the design for a glass plate condenser of large heat-radiat- 
ing surface and of substantial construction is offered in this 
chapter. 

For its construction the condenser will require 120 
plates of glass 8 by 10 inches of the kind used for photo- 
graphic negatives. Old plates of the latter sort may be 
purchased cheaply from nearly any photographer and they 
serve the purpose ailmirably. The first step is to remove 
the emulsion coating on cach plate by soaking it in hot 
water and scraping with a putty knife. The plates are 
then to be dried thoroughly and divided into four piles of 
‘WH plates each. The complete condenser consists of four 
units, of 30 plates each, connected in series multiple as 
shown in Fig. 103, and in order to make the description 
clearer the steps in the construction will be given for but 
one of the four units, which are alike in every particular. 

A good grade of varnish gold size is procured and 
Placed on the work-table with a good soft brush about an 
inch in width. Tinfoil of the grade used by florists may be 
Procured in pound packages containing four or five strips 
Of foil six inches wide and perhaps 48 inches long. The 
foil is to be cut up into pieces 6 by 8 inches in size, neatly 
flattened and separated ready to be applied to the glass 
Plates, which should be arranged in a pile on the table, 
X plate is removed from the pile and given a quick, thin 
Seating of the varnish (which dries in twenty minutes in 
the open air) and a sheet of {oil immediately laid upon it, 
sare being taken to sec that the foil is accurately centered 
‘on the plate. The foil may be forced into smooth and close 

Sontact with the glass with the aid of a wad of cotton 
Placed within 2 piece of soft cloth to make a sort of pounce 
or dauber, ‘Starting at the center of the foil sheet and 
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carrying the rubbing process toward the edges with a cir- 

cular motion, the workman will be able to force the {oil 
into what is practically absolute contact with the glass, and 
at the same time cause the surplus of varnish to exude 
from the edges. 

‘The plate is then turned and coated on the other side 
in exactly the same manner; the process is repeated with 
each of the thirty plates in each of the four units until the 
120 plates have been coated. The lot may then be laid 
aside to dry in a warm room for several days. When this 
has been accomplished, each plate is to have its edges 


Fie. 106—One section of condenser mounted In i cane 

ped into melted beeswax to a depth of 174 inches in 
order that the edge of the tinfoil on both sides may be 
thoroughly coated with the wax. This will quite prevent 
the corona or brush losses so frequently noted with glass 
plate condensers. 

‘The rack in which the plates are to be mounted may 
next claim our attention. Its construction may be noted 
in Fig. 104, which gives a perspective view of the complete 
unit. The reader will see that the support comprises 2 
baseboard and cover of wood separated by two end pieces. 
‘The plates slide in grooves formed by 14-inch sotiare strips 
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‘of wood nailed to the base and cover. A bar of Y4-inch 
by 1 inch copper runs across from one end piece to the 
other on either side and affords a means of connecting the 
many plates in multiple. This connection is accomplished 
by means of the special contact leads shown in Fig. 105, 
‘These leads are merely pieces of lamp cord tipped at one 
end with a lug and at the other with a contact made from 
‘a piece of spring brass ribbon bent into the shape shown 
in the drawing. The object of the contact is to establish 


uy 


Fig. 105—Soring connector and cord for condenser 
connection between both plates of tinfoil when the spring 
is inserted, 

In making the connections to the bars on either side, 
the contacts are alternated in order that the plates may all 
bein multiple. That is, referring to Fig. 104, in starting to 
insert the contacts, on the one side the first contact spring 
is inserted between the first and second plate; on the other 
Side the contact would be between the second and third; 
{umtning to the nearer side, the second contact is inserted 
Petween the third and fourth plates, and so on until all 
have been put in place. The contact with the first and last 
Sfatings are of course made by inserting the clip between 

the tinfoil and the wooden end piece, placing a small sheet 





REQUENCY APPARATUS 


of glass between the spring and the wood to prevent the 
metal coming into contact with the wood, 

When the four units have been made as described, 
they are to be connected up as shown in Fig. 103, the con. 
necting Teads being strips of copper ribbon. The setting 
up will receive due attention when the rest of the apparatus 
has been described. 

Construction of the Spark Gap.—Perhaps no one por- 
tion of the high frequency apparatus is more likely to give 
trouble and to require frequent attention than is the spark 























Fie. 106—Settcoting apart ei 
AP across which the condenser discharges. The discharge 
is accompanied by heating effects which are in themselves 
troublesome, and while-the ordinary stationary form of 
fap may give satisfactory service for a time at least, still 
its successful operation is hindered as the sparking surfaces 
become heated and pitted. The gap to be described has 
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proved its value in actual practice and, while it may appear 
to be unnecessarily complex in design, still the many points 
of advantage are only brought out through the construc- 
tion of a substantial and more or less massive affair. 
With reference to the side elevation and plan views 








Fig, 107 —Detals of the spark aap 
arranged to rotate in opposite directions at a fairly rapid 
Tate of speed. The rotation serves the double purpose of 
always presenting a fresh sparking surface, and therefore 
& Sool one, to the point of discharge, and in establishing 2 

current of air directly upward and between the 
‘SParking surfaces, due to the surface friction of the periph- 
$7, 7 the dises. “The effect of this current of air is to as- 
fhe in the wiping out of any are which may form during 
the discharge. 4 Ss 


‘The discs are mounted upon a substantial framework 
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and base of dry wood which has been painted with or pref- 
Grably boiled in paraffin wax. The discs are mounted upon 
shafts of 4-inch steel and secured to the latter by means 
Of brass bosses turned up and drilled to a snug fit on the 
Shaft, When the final assembling has been done the bosses 
are pinned to the shaft and to the dise, thus insuring the 
permanency of the construction. The final operation is 
fo take a finishing cut off the periphery of each disc with 
the shaft held between centers in the lathe. 

‘The details of the bearings are given in the enlarged 
drawings, Feg. 107. The reader will note that the bearing 
proper is a journal of brass tubing reamed to fit the shaft 
nicely. The bearing support is a casting with a hole cored 
through it to take the journal. Slots in the feet of the 
bearings permit the distance between the discs to be varied 

When the various parts have been finished, the bear- 
ings are located on the framework as shown in the plan 
drawing and the journals slipped over the shafts. A piece 
of cardboard is then forced over each end of each journal 
after the latter has been propped up inside the bearing 
with bits of wood. Melted lead is then poured into the 
opening at the top of the bearing and when cold it will 
hold the journals in perfect alignment with the shaft. The 
bearings may then be removed and a small hole drilled 
down through the lead and brass to afford a passage for 
a to the shaft. The addition of an oil cup stuffed with 
Tao gk completes the bearings, which may be replaced on 

The shafts are belted together with rubber beltin; 

crossed to make the dines tun i opposte directions, The 
‘driving is accomplished by means of an electric motor 
belted to a pulley on one shaft. 


‘The current is conducted to the discs th 
conduct e discs through wire or 
‘€auze brushes bearing upon the smooth bosses, 2s shown 
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in the plan view in Fig. 106. The details of the brush 
holder are to be seen in Fig. 107. 2 

The discs should rotate freely and quietly when the 
motor is started. If the oil cups are properly fitted, the 
gap should be capable of an all-day run without trouble 


developing. The adjustment of the gap will be considered 
in due time, when the instructions are given for the oper- 
ation of the completed apparatus. 

The Oscillation Transformer—The reader has been 
told of the construction of the transformer which steps the 
commercial lighting current up to a potential of several 
thousand volts, the condenser which stores up this high 
voltage, and the spark gap or discharger across which 
leaps the stored-up current in the condenser. The dis- 
charge of the condenser across the gap sets up electric 
oscillations or, as it is termed, a high frequency current, 
In order that this current may be rendered suitable for the 
Purposes of electro-culture, however, its potential must be 
taised to a very much higher degree and the object will be 
to explain the construction of the special type of trans- 
former or coil employed in the process of stepping up the 
already high potential, high frequency current. 

‘The high frequency transformer differs from the type 
‘used for the conversion of low frequency or commercial 
Surrents in that it has no core of iron and the turns in its 
Primary and secondary are numbered in tens and hundreds, 
TePectively, instead of in hundreds and thousands, as is 

case with the transformer used for lighting and power 
work, Furthermore, on account of the extremely, high 
potentials induced in the oscillation transformer, the insu- 

‘ation problem must be treated in a somewhat radical man 
Ret. This problem is not, however, so difficult of solution 
as it might seem. The coil may be of generous propor- 
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tions, since close coupling of the primary and secondary 
winding is not essential, and the permissible air space 
fords a most effective insulator. While the efficiency of 
Git insulation in cases similar to the present one is not 
{questioned for one moment, still the air insulation, if prop- 
erly carried out, offers exceptional advantages over all 
Other forms wherein the windings are hidden from view 
land are inaccessible. The latter method has accordingly 
heen selected. 








_ The transformer consists essentially of a primary 
Winding of eight turns of copper strip placed at the base of 
3 cylinder around which is wound the secondary of 300 
turns of, No. 30 D.C.C. copper magnet wire in a single 
layer. The starting poiat of the primary, as well as that of 
the secondary, is connected to a stud of metal which passes 
through the base of the instrument for ground connection. 
‘The primary of the coil is connected in the circuit of the 
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and spark gap in order that the oscillations may 
Sheough the copper strip and thus induce a high fre~ 
Be ir earn a een vey 
The general appearance of the completed coil is shown in 
the illustrations, Fig. 108, and in Fig. 109 the reader will 
find details of the parts from which it is constructed, to- 
gether with the dimensions of the various pieces. 
‘The secondary cylinder is of cardboard and made ex- 
pressly for the purpose. In designing the coil, the writer 








Fig. 109—Detsits of the oncitlation transformer 


has purposely chosen, wherever practicable, 

which correspond with the standard sizes of the parts now 
obtainable through electrical manufacturers. Accordingly, 
the cylinder has been made eight inches in diameter and 
19 inches tong. ‘The wall is about one-fourth inch thick. 
Tuto each end of the cardboard cylinder is fitted tightly a 
head tuned up from whitewood and soaked for an hour 
in melted paraffin. “The heads are drilled for the terminal 
Post and the brass stud, respectively. The details of the 
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terminal are given in Fig. 109 but the stud has been 
‘omitted, since its construction is obvious. The next opera- 
tion is to treat the cardboard cylinder to three coats of 
shellac, making certain that each coat is bone-dry before 
applying the next and baking the cylinder after each coat in 
‘a moderately warm oven. 

With the third coat of shellac quite dry, the cylinder 
may be mounted in the lathe between centers, a slender 
screw driven into the wooden head and catching a slot in 
the faceplate to afford a means of driving. The Inthe 
should then.be speeded up and the surface of the cylinder 
carefully gone over with the finest sandpaper to remove 
the inevitable irregularities caused by particles of dust and 
dirt. On no account must emery paper or cloth be used 
and the lathe bed must be scrupulously clean while the 
cylinder is being handled, as the least trace of metal chip 
or dust under the winding would be fatal to good results. 

The surface of the cylinder having been carefully 
smoothed over, the lathe may be prepared for the wind- 
ing. The gears are set to cut 24 threads per inch and the 
winding of No. 30 D.C.C. wire is started one-fourth inch 
from the end. In starting, the wire should be passed 
through a small hole in the cylinder and the hole im- 
medistely plugged with a bit of wood covered with wet 
shellac. This will prevent the winding from coming loose 
during subsequent handling, The lathe should be turned 
slowly and backward, and the wire fed through a guide 
Held if the tool post, When the finishing turn, the 300th, 
is in place, the final end of wire may be passed through 
the cylinder and secured as was the starting end. 

While the coil is still in the lathe, the winding shoul!! 

‘coated with shellac applied in a thick solution and wit! 
soft brush, the greatest of care being taken to sce that 

the fuid-soaks well into the turns and between them and 





also that no air bubbles or particles of dirt are permitted 
to remain. When the first coat has dried for an hour or 
more, the cylinder may be carefully removed and placed 
in the oven, wherein the temperature should not be over 
150 degrees F. The baking may continue for a few hours 
and the second coat applied after the coil has been put 
back in the lathe. The builder is strongly advised to do 
all of the painting in the lathe, as the examination and 
turning of the cylinder is greatly facilitated thereby. ‘The 
third coat may be the final one and it should be dried as 
thoroughly as the first and second. 

‘The secondary finished, the wooden heads may be re- 
moved and connection made with the terminal and base 
studs. This is easily accomplished if the ends of the wire 
are left long and passed through the holes in the heads 
with the studs fitting loosely. When the heads are re- 
placed, the wires may be drawn taut and the nuts of the 
studs turned up to grip the bare wire, The heads may 
then be secured in place by plugging with wood dipped in 
shellac, the small holes drilled around both top and bot- 
tom of the cylinder. 

‘The base of the instrument is simple in construction, 
as is readily seen in the drawing. The method of support 
ing the primary strip, as well as the nature of the latter, 
will, however, bear some explanation. The copper strip is 
#-inch wide and yy-inch thick and is wound edgewise into 
® helix having an internal diameter of 1034 inches. This 
helix material is also to be obtained in the size given and it 
can be purchased far more cheaply than it can be formed 
up by the amateur workman unless he has the necessary 
duipment for the bending operation. As this device is 
quite complicated, the space necessary for its description 
Will not be taken here. The problem is to bend the thin 
‘strip edgewise and prevent it from buckling. 
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‘Assuming that the builder has procured the helix 
material, eight complete turns of which are required, the 
Gttention may be directed to the posts which support the 
helix on the base and at the lower end of the secondary 
cylinder. From the detailed drawing in Fig, 109 the reader 
Will note that four posts of black fibre rod, 2% inches high 
nd one inch in diameter, are given a series of saw cuts to 
2 depth of three-cighth inch. Fight cuts will be required 
in each post to take the eight turns of primary strip, The 
cuts may be made with two blades of a hacksaw placed 
side by side to give the required thickness or, what is by 
far the better method, the cuts may be taken in a milling 
machine if one is available. The posts are located on the 
baseboard and secured with short machine screws tapped 
into the fibre, Care should be taken to sce that the screws 
do not pass into the posts beyond the bottom turn of the 
primary. 

‘The assembly of the parts is clearly shown in Fig. 110 
and it is believed that no further comment is necessary 
‘other than to say that the bottom turn of the primary is 
connected with the ground stud, as shown in the diagram 
of connections. 

Installation of the Apparatus.—We have secn how the 
Various instruments comprising the high frequency current 
generator are built in order that we may haye available a 
steady supply of high potential current, oscillating at a fre 
auency of approximately 100,000 cycles per second. It 
this high potential, high frequency current that we shall 
employ in the electrification of our plot of ground, and the 
object of the present article is to point out how the various 


instruments of the outfit are connected and combined to 
Produce the current. 


‘The entire outfit should be housed in a perfectly 
weather-tight shed. ‘The construction of the building may 
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aratively eruide, if the precaution is taken to care- 
fay oc ‘i cracks and crevices, not only in the walls, but 
froend the door as well. In rainy weather, or even when 
the humidity of the air is high, the inside of the shed should 
be kept dry and warm by means of a small oil stove. 

Damipness is positively fatal to: the successful operation of 
the apparatus if it is permitted to strike in for any length 
of time. 

OTA shed ahould contain a. eabstantial wooden table 
along the rear wall facing the door, and upon this table the 
apparatus is arranged in the order shown in Fig. 110. 

The floor of the shed should be at least one foot 
above ground and an open air space should be left beneath 
in order to frustrate dampness so far as is possible. A 

simple and good construction is to build the shed around 
four substantial corner posts, starting the walls a foot 
above the ground. The roof should have a generous slant 
to shed the rain. 

With reference to the first drawing, the apparatus is 
arranged in the following order, left to right: Transformer, 
spark gap, condenser and oscillation transformer. Upon 
the wall to the left is secured the main switch, which 
should incorporate a cut-out fitted with 15 ampere plug 
fuses. To this switch from the outside of the shed, lead 
the line wires, which are to be supplied with a 110-volt, 60- 
syele alternating current, preferably from the local central 
station. 

Beside the main switch, the switch for the spark gap 
Winter should be located. The primary terminals of the 
show, autt ats to be connected with the main switch, as 
comace tan Earring diaxram below, which also shows the 

sections for the remainder of the apparatus. From the 

Secondary terminals of the transformer pieces of No. 14 
rubber-covered wire lead to the terminals of the spark-gap. 
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From one terminal of the spark gap a piece of stranded 
cable, composed of 100 strands of about No. 24 insulated 
jnagnet wire, runs to one terminal of the condenser. From 
the other terminal of the condenser, a piece of the stranded 
¢able leads to the movable clip on the primary of the 
oscillation transformer. The second terminal of the spark 
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Fig. 111—Diagram of connections for the apparatus 
gap is connected by cable to the ground connection of the 
oscillation transformer and this in turn to a series of wires 
buried in the ground beneath the plot to be cultivated. 
‘The high-potential, high-frequency terminal of the 
escillation transformer connects with a piece of light cop- 
per rod, which extends upward and out of the side of the 
building, through a hole cut in the center of a pane of 
Blass. This glass window should be at least 18 inches 
square and shaded on the outside of the building with a 
contrivance resembling an awning, in order that the surface 
of the glass may be kept as nearly as possible in wet 
weather. The copper rod passing through the glass is 


tipped with a conncetor to which the overhead wires of the 
plot are secured. 

Wiring the Plot—The high frequency current pro- 
duced by the apparatus described is administered to the plot 
round under cultivation through the agency of an over 
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head network of copper wires and a ground connection con- 
sisting of strands of wire buried in the earth of the plot, 
The transformer house is preferably located at one end of 
the plot in order that the high frequency current may be 
carried to the area under cultivation by the shortest pos- 
sible route, This is highly desirable, as an appreciable loss 
would be sustained in a long transmission line, 

‘The equipment recently described is of sufficient power 
to cultivate a plot of ground embracing 5,000 square feet, 
and, in the case under the writer’s observation, the plot 
meastired 50 fect in width by 100 feet in length. The 

















Fig. 112—Showing how four units of condensers are connected 
Ground wires, three in number, were run the entire length 
Of the plot and spaced ten feet apart. Crossing these wires 
at ten-foot intervals were ten bridging wires arranged as 
shown in the illustration and soldered at each joint. In 
all cases the wire was of No. 16 bare copper. At the end 
of the plot nearest the transformer house, the ground wires 
were brought together in a rat-tail and connected with the 
round lead of the apparatus, 
he overhead network presents a more difficult 
Problem. Im the experimental plot ten wires spaced five 
feet apart ran the entire length of the plot and were sup- 
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ported at either end upon high-tension insulators held by 
Posts which were of such a height that they suspended the 
Wrires seven feet above ground. At twenty-foot intervals 
on cither side of the plot, additional posts were located and 
Gross wires between cach two of these posts completed the 
hhetworke and at the same time relieved the strain upon the 
slender wires running the length of the plot. As in the 
case of the ground network, all joints were soldered. The 
overhead connection is in the nature of a continuation of 
each of the long wires to form a rat-tail, grouping all of 
the wires where they are connected with the high-tension 
lead passing through the glass window of the transformer 
house, 

‘The insulators on the posts may be of the conventional 
glass high-tension type or they may be cobbled up by 
grouping a series of porcclain cleats as suggested in the 
appended illustration. ‘The best of insulation is none too 
good, particularly in damp weather, as the high-tension 
current leaks badly in its effort to find its way to the 
ground. 

The actual time of treatment will naturally rest with 
the individual investigator. From one to four hours, both 
night and morning, is a fair dosage, and noteworthy results 
have been obtained with this average treatment. The 
Plants or vegetables uncler cultivation should be planted in 
duplicate in a neighboring bed in order that comparisons 
may be made at frequent intervals. In order to put the 
experiments on a practical footing, the notes taken during 
treatment and subsequently should include data on the 
Weight, amount of foliage, percentage of edible portion, 
quality of the latter, time required to bring plants to 
Maturity, etc. These notes will be useful not only to the 

investigator, but to the world at large. 





CHAPTER XVII. 
FURTHER NOTES ON PLANT CULTURE. 


Every radio telegraphic transmitter, large or small, 
amateur or profession: a potential cultivator of plant 
life. Through a simple conversion of the oscillation trans- 
former, the apparatus to be found in the possession of 
every licensed radio amateur can be made to perform this 
practical service in connection with the so-called “kitchen 
gardens” springing up all over the country. 

Following this line of reasoning, Mr. F. F. Pickslay, 
an ardent experimentalist of Mamaroneck, N. Y., called at 
the offices of the author and made known his plans, which 
were formulated largely as a natural result of the order to 
dismantle all radio stations in 1917. 

The entire stretch of ground planted measured 38 feet 
front by 110 fect deep. This plot was divided into two 
Parts, one of which was electrified, and the other was with- 
out current, for purposes of checking results obtained. 

The Distributing System 

The system for distribution of the high-tension, high 
frequency current was simple. It comprised essentially a 
net-work of copper wire suspended above the garden at a 
distance of some 8 ft, from the ground, and a series of 
copper wires placed in shallow trenches beneath the ground. 

__In the case of our garden, the placing of the ground 
wires was a simple matter. ‘The plot was first plowed, then 
raked, and finally the ground wires were placed in furrows 

208 
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produced by means of a hand plow or cultivator of the, 
kind sold in nearly every country hardware store. The 
ground wires, nine in number, were bridged at either end 
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Fle, 112—Pian of ovecead and ground wine apse 
with a piece of heavy stranded copper wire. All joints 
‘were soldered before the wires were buried. The ground 
lead was a picce of No. 4 stranded copper wire leading 
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down a side of the house from the transformer apparatus 
nd making connection with the nearer bridging wire be- 


neath the ground. 








Soldering the buried wires 


ToRight Method of Overcoming 
the Weight of our Aerial Network 














Plan of Ground Wires. 


Fie: 114—Pian of ground wines and metot of 
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‘The aerial network was formed by stretching four 
stranded copper wires between insulators secured to the 
supporting posts in the four corners of the clectrified plot. 
Guy wires and turnbuckles stiffen the structure and en- 
abled us to make the network taut. Smaller copper wires 
were stretched between the stranded conductors, forming 
the closed loop as shown in the drawing. All joints in this 
network were carefully soldered with the aid of a blow 
torch, A rat-tail, composed of wires leading from each of 








Fig. 15.—Method of hotling overhead wires 19 pants 

the longitudinal stranas, teads directly to the switch out- 
Side the house which formerly served the purpose of @ 
lighting switch when the wireless outfit was in commis- 
sion. Indeed, the scheme of connection is exactly the same 
as that employed for wireless, the switch being 50 arranged 
that when current is not being sent through the network 
the switch connects the acrial network with the ground 
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Construction Difficulties 

A shelf of rock runs beneath the entire plot under eul- 
tivation. The depth of the soil varies from less than a 
foot to over four fect at different points. While this forms 
an ideal condition from the standpoint of vegetable raising, 
in view of the fact that it maintains practically a constant 
state of moisture in the earth, the rock caused no little dif 
ficulty when we undertook to erect the supporting poles for 
the aerial network. As the strain on the poles is consid- 
erable, we found it necessary thoroughly to guy the poles, 


Transformer House 


Check Plot 
(Hot electrified) 


“55 


Fig. 116—Connections of ground wires 


and in this connection were forced to resort to various ex- 
Pedients such as the use of convenient trees upon which to 
fasten the guy wires. Where this was found necessary, 
Wve protected the bark by placing strips of wood under the 
loop of wire where it passed around the tree. In other 
sases, we were forced to rely upon stakes driven into the 
Ground. We are not certain that the latter will stand the 


strain, and we may find it necessar s 
it necessary to use “dead-men" at 
the ends of the guy wires. Re it understood a “dead-man” 


in this case is an anchorlike contrivance buried in the 
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We used one 10-in. straity insulator of the high+tension 
variety at each pole. 

In erceting the network, the posts were placed about 
two fect in the ground. In this comparatively small plot 
only four posts were used. The guy wires were placed 
hext without any attempt being made to tighten them, 
Finally the stranded wires forming the closed loop were 
stretched tightly between the insulators on the posts and 
the joints soldered to insure non-loosening and good con- 








Fig. 17—Soldering ground wires with torch. 


ductivity. The turnbuckl xt _brough 
£ buckles were next brought up to 
stretch thé loop tightly. The longitudinal wires, five in 
Bebe ‘Were next stretched tightly between the two end 
Wires of the loop. These points were soldered. Then the 
Tras Srmaverse wires were stretched between the side 
woes 1¢ loop and the joints soldered. This gave us 2 
Perfectly taut network of ample height to permit freedom 
Movement underneath it in cultivating the garden. 
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Vegetables Planted 
Radishes, lettuce, peas, carrots, beets, onions, potatoes, 
and celery were planted in the garden, 








Apparatus Required 
Mr, Pickslay was the owner of a Clapp-Eastham Hy- 
tone transmitter of 14 kw. capacity, and this transmitter 
was used to produce the necessary current. 
fondo Pot bop 
ting 
Dias 
Grderser 
‘The secondary of the oscillation transformer was com- 
Posed of 100 turns of No. 18 annunciator wire wound in a 
single layer upon a cardboard cylinder 534 in. in diameter 
which slips within the edgewise-wound copper strip form 





‘FURTHER NOTES ON PLANT CULTURE a 


ing the secondary of the oscillation transformer used for 
wireless purposes. This coil gives less than a half 
inch spark when operated without any capacity attached to 
jts terminal ; however, when the aerial network is attached, 
the potential is so increased that a spark several inches 
long may be drawn from the coil. The diagram of connec- 
tions is given in Fig. 119. 





CHAPTER XIX. 


‘A FOREWORD ON THE CONSTRUCTION OF 
ELECTRICAL APPARATUS FOR THE STAGE 


In this chapter, the aim will be to present comprehen- 
sive directions covering the design and construction of 
the apparatus used in an elaborate electrical act suitable 
for the vaudeville stage. While many so-called electrical 
acts are already in the field, the effects produced are com- 
paratively insignificant when one stops to consider the pos- 
sibilities in this form of entertainment. No doubt most 
readers have seen the offerings referred to and the “stunt” 
of taking Several thousand volts of electricity through the 
human body is by no means a new one at the present day. 
However, it is thought that the quipment to be described 
will offer many opportunities for the enlargement of the 
previously attempted exhibitions of the wonders of elec 
tricity with the result that the production, from a theatri- 
cal standpoint, will be sensational. 

In this apparatus, the high-frequency current plays a 
very important part; indeed, many of the experiments are 
wholly dependent upon this form of current for their pre- 
sentation. Therefore, it is thought advisable briefly to re- 
iterate the nature of this current and its physiological ef- 
fects upon the human body. It was discovered many years 
ago that if an alternating current of electricity be caused 
to oscillate with sufficient frequently, that is, to change its 
direction of flow a sufficient number of times per second, its 

‘muscular contractive effects upon the body would be les- 
212 
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‘sened to a considerable degree. The commercial alternat- 
ing lighting current which has a frequency of 60 or perhaps 
125 cyeles per second, is fatal to 3 human being if applied 
jn sufficient quantities, Available data discloses that volt- 
‘ages of from 200 to 500 are dangerous and in some cases 
fatal where the frequency is of the commercial order. If, 
however, the frequency is increased to 10,000 cycles and 
upward per second, it has been found that several thousand 
volts may be taken through the body with comparatively 
little discomfort. A further increase to 100,000 cycles and 
over renders the current practically painless, The possi- 
bility of using this peculiar form of current in the produc- 
tion of unusual effects will therefore be appreciated. 

Points to Consider—Before starting work on any of 
the apparatus, the reader had best satisfy himself in his 
own mind just what feature of entertainment work he de- 
sires to take up. This section deals with the construction 
of practically every useful form of high frequency appara- 
tus designed especially for theatrical demonstration. The 
assembly of the entire lot of apparatus as described would 
entail a considerable expenditure of time and money and 
there are cases where this outlay is scarcely justified. For 
instance, the platform lecturer would scarcely care to bur- 
den hiniself with the costly and cumbersome equipment 
$0 essential to the performer on the stage. For the benefit 
‘of readers to whom this elaborate equipment does not 2p- 
Peal, a summary of the various types of outfits will be made 
in order that the worker may make an intelligent selection 
whether he be a modest “suit-casc” lecturer or vaudeville 
performer, a parlor entertainer, or a theatrical producer of 
the most extravagant type. 

‘The one big feature of any electrical offering is the 
high frequency work. This fact is admitted by dozens of 
Performers and lecturers alike. The very idea of “taking 
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thousands of volts” of electricity through the body and still 
iving to do it over again, is theatrical in the extreme, and 
it is no wonder that so many so-called electrical kings have 
separated a gullible public from their dollars for years on 
the sole claim that a supernatural or other unusual power 
made it possible for them to take current at this enormous 
voltage through their bodies. The high frequency coil 
may, therefore, be regarded as the one essential part of 
the outfit, and the other instruments in the light of ac- 
cessories. 

‘Weight and Cost of Apparatus.—The largest apparatus 
described in this section will deliver sparks several fect 
in length. That this is spectacular and impressive, no one 
will gainsay, but the outfit weighs hundreds of pounds and 
requires for its operation several kilowatts of clectrical 
energy. The utter uselessness of such apparatus, in the 
case of the lecturer, is at once apparent. Far better is it 
for him to make or purchase a small coil capable of giving 
an eight or a ten inch spark and taking its current from the 
nearest lamp socket. Furthermore, the large apparatus re~ 
quites for its operation an alternating current, and this is 
not always obtainable. ‘The only practical alternative is a 
rotary converter or motor-generator set, which in this 
large size, is very heavy and costly. 

‘The small coil, on the other hand, may be built on 
the “kicking coil” principle, described in an earlier chapter, 
and in such event its operation is satisfactory on cither di- 
tect or alternating current through the change of a simple 
connection. 

‘The question of the high frequency outfit therefore 
resolves itself into one of whether the performance is [0 
be given in a chain of small lecture halls or good-sized 
theatres, In the former case the small portable outfit 

P certainly far more useful, while the latter use 
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would justify the best aggregation of paraphernalia the 

‘tal of the owner would command. The salaries of fea- 
{ure vaudeville acts are, 25 a rule, commensurate with the 
pulling power and therefore the attractiveness of the act 
ftself. Recognizing this, it is certainly wise to put forward 
every effort in an endeavor to make the true vaudeville Act 
as big, as spectacular, and, to sum it up, as impressive as 
may be possible, The results justify the expenditure. 

In the construction of the apparatus the average reader 
is face to face with a problem. The manufacturer of stand- 
ard apparatus will not even quote on this special material; 

the model shop wherein inventions are developed is too 
thorough and expensive; the average electrician knows 
nothing whatsoever about the apparatus in question; the 
typical machinist is worse than useless where complete 
assembly is concerned, as he is either too “rule of thumb” 
or too literal. The reader will wonder what he is to do. 

‘The Home Workshop.—The answer is to build a home 
workshop. It is cheaper in the beginning and in the end, 
and if the apparatus is worth having and building, it 
is deserving of a proper birthplace. The tools required 
may be purchased for perhaps a quarter of the sum de- 
manded by the combined carpenters, machinists, electri- 

ians and the rest of the vast army of mechanics, each one 
of whom does not know just what is desired, but is certain 
that he is capable of building it just the same. 

‘The construction is best done in a spacious room 
wherein the apparatus can also be set up and tested, and 
the act rehearsed. This means, of course, the installation 
of electric service. The room should have plenty of open 
floor space rather than spacious work benches, although 
these are quite as essential within reason. The tool equip 
ment may consist of a fairly complete set of wood-working 
tools_and bench, an engine lathe of light construction but 
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of large capacity as regards swing, a small drill press and 

complete set of metal tools, such as pliers, hacksaw and 

files. With such an equipment the handy man—and it is 

assumed that the would-be entertainer is a handy man or 

he had better not start on the road with his outht—may 
construct the entire set of apparatus with the assistance of 
a bright boy or even girl if she be mechanically inclined, 
And after the apparatus has been built by the man who 
intends to use it, who can gainsay the fact that he, better 
than anyone else, is prepared to take care of it and repair 
it if necessary? If some of the more intricate machine 
work, of, which there is little, is beyond the capabilities of 
the amateur, then let him go to the regulation shop and 
have just that part finished up to drawings. 

Working Drawings.—The question of drawings brings 
us to a point of vital importance. Before a stroke of work 
is done on the apparatus, each and every part should be 
depicted in a large drawing and all dimensions checked to 
determine their accuracy. The space available in this book 
has not rendered it possible to cover this detail with all 
thoroughness, but the individual worker should develop 
his design from the suggestions given, making his draw- 
ings complete in order that he may fully understand the 
construction of the various parts. 

In no sense is the work of building the apparatus di 
Sultand neither does it require the services of skilled labor. 
The ability to use tools in an intelligent manner and, what 
is far more important, a fairly intimate knowledge of the 
apparatus being built, may be said to constitute the quali- 
fications for success. In order that the latter qualification 
may be obtained, it is suggested that the prospective builder 
diligently consult every book pertaining to the subject that 
he can lay his hands on. These books may be numbered 
on the fingers of one hand, and when one has assimilated 
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their entire contents, there is still a good deal to learn on 

the subject. But every iota of knowledge helps, partictt- 

larly in the theoretical end, which does not necessarily 

‘mean the mathematical end. Probably the less mathema- 

tics the practical builder tampers with, the better he will be 

off, for the actual design of the apparatus has been spared 
him, What he needs is a good, sound knowledge of the 
characteristics of the high frequency current, and this may 
be quite readily obtained from a few good books. With 
knowledge and a fair equipment of tools, let him start in 
with what will probably prove to be the most interesting 
and fascinating work he has ever attempted, 





CHAPTER XX. 
HE CONSTRUCTION OF LARGE APPARATUS. 


‘The construction of a high frequency transformer cap- 
able of throwing a five-foot spark will be considered first 
of all, for this piece of apparatus is probably the chef 
d'ancre of the assembly. 

The transformer consists essentially of a primary coil 
B, Fig. 120, of nine turns of heavy copper ribbon 2 inches 
wide and wound in the form of a spiral ; a secondary coil of 
€00 turns of copper wire wound upon a wooden cylinder, 5, 
Fig. 120; and a suitable means for holding the primary and 
secondary in their proper relation to each other. 

‘The secondary cylinder presents the greatest construc- 
tional problem for the amateur workman and it is suggested 
that this be made at the mill unless the workman is 
equipped with a large speed lathe. The cylinder is built 
tip of segments of whitewood, tapered to fit around the 
Periphery of three wooden discs, one at each end and one 
in the center. The entire cylinder must be assembled 
without the aid of nails or metal of any kind and the best 
course to follow is to glue the slats or segments in place 
and further to secure them with wooden pins covered with 
glue and driven into holes drilled into the wood. The 
cylinder is 50 inches long and 20 inches in diameter. After 
the assembly: is completed, the surface should be turned 
off in the lathe and given two coats of a black vegetable 
dye. All paints containing lead and carbon must be 
shunned in the treatment of this apparatus or clectrical 
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steaks" will be developed. There are several good black 
dyes on the market soluble in water or alcohol and any one 
Sf these may be used with impunity. After the surface of 
‘the cylinder is blackened and thoroughly dried, it may be 
given a coat of shallac, when it is ready for winding, 

‘The winding is best done in a screw-cutting lathe as 
the turns are to be evenly spaced 12 to the inch. If the 
lathe is not available, an improvised winding machine may 
be constructed with the aid of two bearings to support 
the cylinder and a Iength of rod threaded 12 to the inch 
arranged to turn with the cylinder and to carry a guide 
for the wire as it is wound. The winding is of No. 22 
D.CC. magnet wire and the first turn is started 1 inch from 
‘one end of the cylinder. From this point it continues to 

in a like distance of the opposite end. A band of 
34-inch copper ribbon is then placed around the remaining 
space at either end and the starting and finishing ends of 
the winding are soldered to the bands. The latter should 
not completely encircle the cylinder but a gap of }4 inch 
should be left where the ends meet. The winding is to be 
given four coats of shellac, each coat being permitted to 
dty thoroughly before applying the next, 

A brass bushing, having in it a hole tapped 34-18, is to 
be firmly secured in each head of the cylinder and connec 
tion made from the copper bands to the bushings. 

Wooden discs, 21 inches in diameter, are to be fitted 
to the ends of the secondary cylinder in order to give it 2 
finished appearance. Holes are bored through the centers 
®f the discs, of course, to permit access to the bushings 
within. 

‘The secondary cylinder is surmounted by a discharger 
composed of a brass ball mounted on the end of a rod 

which makes contact with the brass bushing in the top of 
the cylinder. A wooden cone is turned up in imitation of a 
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Fig. 122—Tue citation transformer conmlete 
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high tension insulator and the rod carrying the ball runs 
through the center of this cone. : 

The construction of the primary coil and base will be 
understood on reference to Fig. 121, which gives a plain 
‘view looking down on the primary from the top and also a 
sidle elevation of the lower portion of the complete trans- 
former in cross section. It will be noted that the primary 
is composed of nine turns of heavy copper ribbon two 
inches wide and wound in the form of a true spiral. The 
ribbon is wound into its finished form with a double thick- 
ness of yy inch rubber belting between turns. It is taped 
at three or four places to hold it in place temporarily while 
the supports are being constructed. 

‘The object of elevating the primary coil is to provide 
means of access to the under side in order that connection 
may be made with any desired turn. The coil is gripped 
between picces of fibre bar A which are held in place by 
fibre bolts 2 and the whole is supported on the elevating 
posts C of fibre, 

‘The base is of wood, and it should be mounted upon 
four glass or porcelain insulators. The finish of the base 
is preferably of the same color as that used on the sec- 
ondary cylinder; the black vegetable dye provides a finish 
that is rich and pleasing in appearance and at same time 
rather unusual. If the copper primary ribbon is highly 
Polished and lacquered, a pleasing contrast will result, 
an «_t Sautfe wooden box is mounted upon the base and 
in its top is a short holt threaded to enter the hole in the 
brass bushing in the lower end of the secondary cylin- 
der. A strip of copper ribbon makes connection between 
the bolt and inside turn of the primary spiral. 

see amnestion hetween the primary and the balance of the 
Sircuit is established by means of special flexible cables 
Which are made by binding 100 strands of No. 32 S.C.C. 





ee 
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Pie: 121—Section theowsh bare of apiltion transformer and plan view of primary 


‘magnet wire with cotton tape. Each of the two cables 
should be about 5 feet long and tipped on each end with 
a special lug or connector. The construction of the con- 
nector or clip which makes contact with the primary rib- 
bon is clearly shown in Fig. 122. The clip is made by cut- 
ting a slit in the end of a picce of hard brass rod 34 inch in 
diameter by means of a thin hacksaw. The blades are ren- 
dered more springy by cutting away a portion of the metal 
from the back of each, and a hole is drilled into the shank of 
the clip to admit the wire of the cable. Each strand of 


Fig. 122.—Clip whieh makes connection with primary tans 


the latter is carefully cleaned of its insulation for a dis- 
tance of 14 inch and the bare ends of the wire are then 
twisted together after having been well coated with a good 
soldering paste. The clip is held in a pair of pliers and 
carefully heated over a Bunsen flame until the solder melts 
Within the hole, after which the cable end is carefully in- 
‘serted and sweated in the clip. The wire, where it enters 
‘the clip, is tightly bound with thread until it is equal in 
diameter to the shank of the clip. A piece of fibre tubing, 
making a tight fit over the shank, is then forced on and 
extended over the binding of the wire. This serves as a 
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protection for the cable where it is joined to the connector 
and provides a suitable handle as well. 

In Fig. 123 is given a diagram of the connections of the 
complete transformer and the reader will note that the 
connection to the primary spiral is variable over quite 
a wide range. In operating the transformer, it is necessary 
to make various trials in order that the correct number of 








Fie. 123-—Disgram of connection for the esilation transformer 
tums to produce resonance may be determined. The point 
at which the secondary coil makes contact with the inside 
turn of the primary should always be grounded on the 
Pearest water pipe. This will not only safeguard the per- 
Sue fe the liability of dangerous shock, but it will 

tension surges of current from striking back 
Mhrough the remainder of the apparatus with disastrous 
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‘The Transformer—The transformer required for the 
‘operation of the coil described may be rated at approxi- 
mately 4 k.w. Tt may appear to some engineers that the 
instrument is somewhat overrated, but in view of the fact 











cee. __ ie IM—Detas of the care with dimentons 
that it is im use for periods of less than 20 minutes at a 
time it is believed that no difficulty will be experienced. 
The core is built up of sheets of silicon steel .017 inch 
thickness and cut to the sizes shown in Fig. 124. Refer- 
ence to this drawing will disclose the fact that 448 pieces of 
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each of the two sizes will be required. Tt is suggested 
that this steel be purchased from some transformer manu- 
facturer already cut to size, as it is practically impossible 
to buy silicon steel in such a small quantity in the open 
market. Assuming that the stecl has been obtained, the 
legs A and E of the core may be assembled by placing the 
pieces alternately first to the right and then to the left, 
showing a 3-inch overlap as indicated in Fig. 125. Each pile 
will have assumed a thickness of approximately 4 inches at 
this time and the pack should be tightly compressed in a 


k Fig 125Short eg of core om which winding ix plced 
vise and bound with friction tape. The pieces forming the 
leg B may then be inserted one at a time to form the con- 
necting yoke. This is rather a tedious process, but it offers 
the only practicable method of making a joint that is both 
‘echanically strong and good from a magnetic standpoint. 

'€ core may then be set aside to await the primary and 
Secondary windings before having its magnetic circuit com- 

pleted with the remaining sheet iron strips D. 

Fon nat stinding the secondary, a form of square cross sec- 
tion similar to that shown in Fig. 126 should be employed. 


is form may be of wood and solid in construction. The 
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ould be slightly rounded. The dimensions are 

corners sie drawing. Alter the form has been mounted 
Eihe Tathe between a spur-chuck and a center, it should 
he covered with a winding of a single layer of cord. Over 
the cord is placed a yy inch thickness of oiled paper, then 
a layer of # inch flexible mica and finally 4 or 5 additional 
thicknesses of paper. Each layer of this insulation should 
ightly secured with thick shellac in order to make a 
solid core or base upon which to place the secondary wind- 
ing. The latter is done in two sections, wound in opposite 
directions and having their inside ends joined together. 














Hise is attained by first winding one section and then 
the cenit the secondary core upon the form and starting 
the spool ang half of the winding by joining the wire from 
Spool to the starting end of the first section. 
t will be noted that the two sections of the winding 


ee by an insulating shield of mica which is cut 
ection hae ne cave and placed in position when the fist 
ends of the carn, ComPleted. The starting and finishing 
Hbbon ate niading are soldered to pieces of thin copper 
completed Seas After both sections have been 
ith oiled pape nine layer in each epee 
with oiled paper to a thickness of al he er 
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‘The secondary winding consists of 3,525 turns of No. 
25 enameled wire wound 75 tarns per layer and 41 layers 
deep in each half of the secondary winding. Each layer 
of wire is separated from its neighbor by two layers of 
oiled paper which should be purchased in the form of a 
roll of paper tape two inches in width. As No. 25 wire 
winds 51 turns per inch it is obvious that there will be a 
margin of about 34 inch along either side of the layer of 
wire. 

‘The finished secondary is given a coat of armalae and 
the edges of the paper layers are liberally plastered with 
the compound in order that moisture may be prevented 
from entering. After the composition has dried, the sec- 
ondary may be placed in position on one of the shorter legs 
of the core, 

‘The primary is composed of 100 turns in all of double 
cotton covered wire, The first 70 turns to be wound should 
be of two No. 8 wires wound in parallel and the remaining 
30 turns should be of a single No. 7 wire. Taps of heavy 
copper ribbon are to be brought out at 70, 80, and 90 turns 
in order that four variations of power may be available, 
The primary may be wound on the same form as the sec- 
ondary and the insulating core on which it is wound should 
be built up similar to that on which the secondary was 
wound, The cord is wound upon the form in order that 
the coils may be removed without difficulty merely by 
Withdrawing the cord. Short lengths of No. 8 stranded 
conductor are soldered to the primary taps to establish con- 
nection with a regulating switch. The primary may then 
be placed on the remaining leg of the core and the end 
Pieces inter-leaved to complete the magnetic circuit. 

‘The entire transformer may then be mounted in a suit 

able case of wood as shown in Fig. 127. Wooden blocks 
placed above and below the core serve to hold the trans- 
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former securely in position and the case is supplied with 
permiies as shown in the drawing to facilitate carrying 
The primary and secondary terminals should be mounted 
sie the cover in order that the working parts of the in- 
insiment may be entirely enclosed and thus protected from 
Hfury in shipment. If the case is substantially made it 
io Zeeve as a shipping crate of convenient and effective 
design. 5 : 
rhe secondary wires are brought to suitable terminals 
mounted on pillars of fibre inside the box while the pri- 
nary terminals are brought to the contacts of a regulating 
‘eitgh Likewise mounted on the wall of the case, The 





Fig. 127.—Cate or container for the transformer 


winding of the transformer is so designed that a consump- 
tion of currcnt varying from 2 to 4 k.w. may be obtained. 
_ The Spark Gap—The apparatus previously described 
is designed for use with a rotary spark gap. Reference to 
Fig. 128 will disclose the fact that the spark gap is of sim- 
ple construction and that it consists essentially of a disc of 
Yeinch aluminum, carrying 12 discharge points or studs 
‘Of nickel steel, mounted upon the shaft of a small alternat- 
‘ing current motor and surrounded by a housing of wood 

which serves the double purpose of a muffler to deaden the 
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noise of the spark discharge and a support to carry the 
stationary electrodes E in Fig. 128. The drawing repre- 
sents a side elevation of the complete gap shown partly in 
cross section in order that the relative positions of motor, 
rotary disc and stationary electrodes may be shown, Fig. 
10 shows an end elevation of the gap housing and it also 
serves to indicate the position of the stationary electrodes. 

Attention should first be directed to the rotor of 
the gap. This should be laid out on a piece of }4-inch 
Sheet aluminum rather more than 10 inches square. 
After finding the center, a circle with a diameter of 10 
inches is inscribed upon the aluminum and then a 9-inch 





mnyipee 
Figs 138 co 181 Inclonive —The rotary spark gap complete and in deal 

diameter circle is laid out and finally one of 3-inch diame- 
ter, The sheet of aluminum is then mounted upon a 
Wooden faceplate in the lathe and a cut taken quite through 
the metal on the line of the smallest circle, thus Teaving 
an opening 3 inches in diameter when the disc of metal is 
semoved. A similar cut is taken on the largest circle re- 
sulting in the rotor dise which is now ready to be mounted 


Shon the insulating hub of fibre, indicated at C, in Fig, 130, 


Mhich gives an clevation and section of the rotor dise 
complete. 


The insulating: hub is turned up from a piece ¥-inch 
to the dimension given in the enlarged drawing, 
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Fig. 131. The reader will note that the fibre hub is 
traunted upon a boss of brass which is threaded into the 
fire and riveted over on the end to prevent its working 
Jose. The brass piece is drilled with a hole of a diameter 
to take the motor shaft and a set screw provides a means 
for securing the boss on the shaft. The final cut which 
brings the fibre hub to the diameter of the hole in the alum- 
jnum disc should be made after the hub has been cut 
roughly to size and mounted upon the brass boss which is 
in turn mounted upon an arbor in the lathe. This will in 
sure absolute truth in running. 

‘The aluminum disc should next be divided with 12 
radial lines running from the center and crossing the 9-inch 
circle at 12 equi-distant points. At each point a clearance 
hole for a No. 10-24 machine screw is drilled. Twelve cyl- 
inders each j{-inch long should be cut from a piece of 
nickel-steel rod 4-inch in diameter and each cylinder 
drilled and tapped in one end for a No, 10-24 screw, The 
cylinders may then be secured in position on the aluminum 
rotor and the disc mounted upon its hub of fibre. It is se~ 
cured thereon with 6 rivets which may be brass escutcheon 
pins inserted in snugly fitting holes drilled through alumi- 
num and fibre, The heading over should be done very 
carefully and on the aluminum side. ‘The rotor, which is 
now finished, may then be mounted upon the arbor in the 
lathe in order to test for accuracy in running and, if the 
final cut on the fibre hub has been carefully taken and all 
burrs removed from the edge of the openings, the dise can- 
not run other than true. 

‘The reader's attention is next called to the housing 
which consists essentially of a box of suitable size built 
up from %-inch whitewood and lined throughout with sheet 
‘asbestos. A hole is drilled in the rear of the box to ad- 
mit the boss of the rotor. The box is assembled with 
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screws throughout and the top piece, D, Fig. 128, is made 
removable in order to afford access to the interiar of the 
case. The front of the box carries the stationary clec- 
trodes of the gap and the construction of these demands 
‘our attention next. 

‘The stationary electrodes consist of a pair of the ¥i- 
inch nickel steel cylinders mounted upon threaded ¥-inch 
brass rods supported in brass bushings which are threaded 
into the wooden front of the case. A 3-inch disc of fibre 
on the end of each of the threaded rods provides an adjust- 
ing handle by means of which the clearance between the 
studs on the rotor and the stationary electrodes can be 
closely regulated. A strip of heavy copper ribbon estab- 
lishes connection between each stationary electrode and a 
binding post placed a few inches beneath it. 

The gap may now be assembled according to Fig. 128 
which shows the relative positions of the various parts so 
clearly that further description is unnecessary. The motor 
may be of the ordinary fan motor type of ry H.P. or even 
ess and its speed should be about 1800 revolutions per 
minute, The method of mounting the motor is, of course, 
dependent upon the nature of the base or bed plate. The 
builder's ingenuity will doubtless suggest the best form of 
‘mounting to meet his individual requirements. 

Care should be taken to see that there is practically no 
end play in the motor, for if such were the case, the clear- 
ance between the discharge points could not be maintained 
ata uniform value. 

The Oscillation Condenser—Before proceeding with 
the description of the condenser, it may be well to state 

that this particular feature of the outfit presents many diffi- 
‘culties in its design in view of the fact that the condenser 
is to be subjected to much rough handling and moving 
‘about. The data offered herewith is for a condenser hav- 
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{ing glass plates for its dielectric, but the author would sug- 
‘gest that this material, while highly satisfactory for use in 
Srcondenser to be use in but one place, is obviously sub- 
ject to breakage and is at a further disadvantage from point 
‘af weight. Tis use is suggested in this work merely be- 
fause the stock is readily obtained and this at a low figure. 
Sheet mica, while several times as costly, is far superior in 
every way and its use is strongly recommended to those 








Fle 182—Shewing how condenser is connected six unity in multiple and 1 


who feel that the extra expense is justified by the advan- 
tages gained. 

For the condenser proper. 120 sheets of 8 by 10 inch 
Photographic glass will be required. This glass, in the 
form of discarded negatives, may be obtained from almost 
any photographer for a small sum. In addition to the 
plates above-mentioned, the builder will require some 24 
Plates additional to serve as cover glasses for each con- 
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denser unit. A few extra plates to replace possible broken 
or defective ones will not be amiss. 

The first operation will be to clean the emulsion from 
the glasses and this is readily done by soaking the plates 
in hot water. It is not essential that the plates be made 
perfectly clean of the emulsion if the plates have all been 
developed and the silver dissolved, but it is desirable to 
get the surface and particularly the edges for a space of an 
inch or more as clean as possible. The plates, when 
cleaned and dried, are to be placed in a warm oven prior to 
having the metallic coating of tinfoil placed on each side. 
This coating is of the heavy foil used by florists and may 
be obtained in strips 48 inches long and 6 inches wide at 
almost any florist’s shop. It comes in packages of one 
pound and averages some five strips to the package. The 
foil should be straightened out and cut off into rectangles 6 
by 8 inches in size in order that when secured to the glass 
it will leave a margin of an inch all around. (See Fig. 133,) 

‘The condenser is made up into units of ten plates each 
‘and each plate is to be coated on both sides with the tin- 
foil, In all there will be 12 units connected up as shown in 

132, that is, two sets of six units each connected series- 
multiple. 

To coat the plates the builder should provide a lump 
of beeswax and a “pounce” made by enclosing a wad of 
cotton within a soft cloth, A warm plate is taken from the 
‘oven and laid upon a cloth-covered table top. The lump 
of beeswax is rubbed lightly across its surface to provide 
a thin and even coating. A sheet of tinfoil is immediately 
Placed in the center of the glass and rubbed into close con- 

‘act with the pounce, starting at the center and, with 2 
Sircular motion, working out toward the edges. This will 


result in a perfect union of glass and foil at all points, The 
plate is inmediatcly reversed and ie 
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ike manner before the plate gets too cold to melt the 
wax, The remainder of the plates are to be treated in a 
similar manner when they are ready for the connecting 
lugs, after having had their edges dipped in melted wax 
far enough to cover the edges of the foil for a space of an 
inch or so to prevent brush leakage. 

‘The lugs are of thin copper ribbon, tinned at one end 
and affixed clectrically to the tinfoil at alternate ends on 
both sheets of foil with a deft application of the soldering 
copper. A little practice on a scrap plate will soon enable 
the worker to master the operation of soldering the copper 
to the foil without melting the latter. The drawings in 
Fig. 133 illustrate the location of the connecting lugs and 


Fig. 123.—Sinale plate of the condenser costed on both ses with tin fol 
also the way in which ten plates are piled one on top of the 
other to form a complete unit. This assembling having 
been done with the entire lot of plates, the projecting lugs 
may be clamped with the pliers and soldered to short 
Tengths of copper ribbon ready for connection with the bus- 
bars of the condenser. The plates of each unit should be 
bound with tape to afford mechanical strength and case of 
handling. A plain picce of glass is placed on either side of 
each unit under the binding tape. 
The twelve units are to be assembled in a strong” 
woolen case and each unit should be separated from its 
neighbor by Strips of wood covered with felt. Connections 





26 HIGH FREQUENCY APPARATUS 


are made as shown in Fig. 152, to bus-bars consisting of 
Several strips of copper ribbon fastened together, The 
connections with the outside of the case are by means of 
heavy flexible cables made by binding a number of strands 
of fine insulated copper wire under one cover. 

Setting Up and Operating —The connections of the ap- 
paratus are simple as the accompanying drawing, shows, 
dnd it is only in some few particulars that the author need 
supplement with further explanation. (See Fig. 134.) 

'A switchboard is highly desirable but not at all essen- 
tial to the successful operation of the apparatus. One may 
be made quite simply and without the expenditure of much 
time or money. A pilot lamp, to enable the operator to 
see the control switches in the dark; a 50 ampere double 
pole, single throw knife switch to control the transformer 
circuit; and a small snap or knife switch for the spark gap 
motor circuit, will complete the equipment of such a simple 
board. This adjunct to the outfit may be made quite ela 
orate, if desired, just for the theatrical effect it may have 
if placed upon the stage. In this event, the board, which, 
may be of wood treated with a fireproofing compound 
should be finished eventually in a dead black to simulate 
slate. The switch equipment may be supplemented with 
fuses, imitation bus-bars and additional lights. An am- 
meter and a voltmeter will not only add to the appearance, 
but will also be of practical service in the operation of the 
apparatus. 

The transformer requires a current of from 40 to $0 
amperes at full load and the leads from the stage pocket 
‘ust necessarily be of heavy cable. The stage cable used 
eee with eter picture arcs is admirably adapted 
weothis parpose and the outfit should include from 50 to 

Connection between the transformer secondary and the 
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rotary spark gap electrodes may be made with the high 
tension cable used in the ignition circuit of automobiles. 
This cable is to be fitted with substantial lugs as in use it 
will have to be connected and disconnected a great many 
times. 

‘The oscillation circuit comprising spark gap, condenser 
and primary of oscillation or high frequency transfortaer 
should be connected with the cable, 





= Ground 





Fig. 134—Diagram of connection for the aparates 

Prevention of Kick Back—The ground connection 
shown in the diagram is of the utmost importance as with= 
out it high voltage surge back through the transformer 
wires will be almost sure to puncture the insulation of the 
transformer. To further protect the latter and to safe- 
Guard the house wiring, a protective condenser should be 
connected across the transformer primary st the point 
Where the line wires are connected. This condenser is 
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made by joining two 2-mfd. telephone condensers in series 
across the line and grounding the neutral point or wire that 
connects the two. 

For the sake of simplicity, the spark gap is shown as a 
stationary one rather than a rotary. The connections are, 
of course, the same for the two. 

When all has been connected up, the spark gap elect 
trodes may be adjusted to the point where they just miss 
the rotating member and the gap motor started. For this 
first test, the primary clip of the oscillation transformer 
may be placed on the center turn to permit of variation in 
cither direction as required to establish resonance. The 
main switch may next be closed and the ball discharger at 
the top of the oscillation transformer should send forth 
long streamers of fire with a terrific cackling noise. An 
adjustment of the clip on the primary from one turn to an- 
other, and a variation in the length of the spark gap, will 
soon enable the operator to obtain resonance. This p 
is indicated by the longest streamers. At its maximum ef- 
ficiency, the coil will send forth a spark that will dart a 
distance of more than five feet to a wire attached to the 
round and brought near the discharge terminal. A 
strange feature of this experiment is the fact that the sec~ 
ondary cylinder is but 50 inches high and, rather than dart 
downwards, striking the primary of the coil, the spark will 
break down a far greater distance in a horizontal plane and 
still farther if the ground connection is placed overhead. 
This is a peculiarity of high frequency discharges. 





CHAPTER XXI. 


LARGE TESLA AND OUDIN COILS FOR THE 
STAGE. 


In the present chapter, the specifications for two of 
the most popular types of high frequency transformers are 
given. The coils are complete in themselves and for their 
operation, the exciting apparatus described in the preceding 
chapter, or else the quenched gap apparatus covered in the 
former chapters, may be used. The proportions of these 
coils are excellent for transformers of larger or smaller size. 

The Tesla transformer illustrated in Fig, 135 is capable 
of throwing a 50-inch spark between terminals if made in 
the size shown in the detailed drawings, Fig. 136. This 
spark can be produced through the use of a two kilowatt 
transformer in the exciting circuit if the apparatus is tuned 
Properly. ‘The resonator shown in Fig. 137 is designed for 
the production of a comparatively short, but very heavy 
Spark and it is capable of remarkable performances in the 
hands of an ingenious manipulator. The various experi- 
ments such as lighting lamps with current taken through 
the body and igniting cotton or Paper with sparks taken 
from the fingertip are well within its scope and this on a 

big scale. The coil is also excellent for the generation of 
sty high frequency current at high voltage for the pro- 
duction of a bluish halo or glow which seems to come from 


the dark wits Of the body when the performer operates in 
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LARGE TESLA AND OUDIN COILS 


Rather than attempt a minute description of each op- 
eration in the construction of these coils, the author will 
endeavor to cover the constructional features in each case, 
believing that the reader is sufficiently well-versed in me- 
chanics to be able to read the drawings without difficulty. 
‘The construction is practically identical in the two designs, 
and a description of one will suffice for the other. 

The most difficult part of the work is, the building of 
the secondary drum indicated by 1 in the drawings. This 
is a wooden cylinder with wooden heads, The difficulty 
is found in the fact that the builder must not use metallic 
nails in the assembly. This is not insurmountable, how- 
ever, for the shoemaker uses a substitute that fills the bill 
very nicely. His sharp wooden pegs may be driven like 
nails if the precaution is taken to start the hole with an awl 
or drill, If the builder has no Jathe, he may order the 
wooden disc, which constitute the heads and intermediate 
forms for the cylinder, turned to size, from the mill. The 
wall of the cylinder is composed of wooden slats placed 
closely and glued and pegged to the discs, ‘The construc~ 
tion will be materially assisted if holes are bored in the 
dises prior to assembly and a long curtain pole passed 
through to line them up. The pole is removed before the 
last few slats are placed in order that the brass bushings 
shown in the cylinder heads may be inserted and secured. 
After this, the final slats are placed in position, glued and 
pegged. 

‘The cylinder may next be. mounted upon a pair of 
horses and atranged to revolve through the agency of 
short length of iron rod serewed into each bushing. The 
‘fod should be flanged in back of the threaded portion to 
Haste the strain on the bushing that would otherwise 

Present. With the cylinder between horses and a staple 

‘over each spindle, the builder may proceed to finish 
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face. A plan run-along the slats will take off 
fa Ene betes acto fal roshsag wih exsaee sta 
paper will bring the surface to a fairly smooth condition, 
The winding surface is prepared by covering the cyl- 
inder with several tayers of heavy wrapping paper, each 
layer being thoroughly soaked with shellac before the next 
is applied. The easiest and best way to do this is to pur- 
chase a roll of paper and place it in hangers beside the 
cylinder. The Tesla secondary may be wound in 
a space between at the centre of the c 
space will provide for the legs that support the primary 
helix as shown in the drawings. The wrapping paper need 
therefore be only half the length of the cylinder in width 
fn order to fully serve the purpose. 
When the cylinder is covered and the paper and shellac 
have dried quite hard, the winding may be done, The 
exact size of the wire on the Tesla secondary is of small 
importance. The only requisite is that the number of turns 
be kept between 600 and 800. There should be an appre- 
siable space between each turn and its neighbor, however, 
and this may govern the gauge of the wire employed. 
It is difficult to secure any wire larger than No. 22 in a 
length sufficient to wind the cylinder in one piece and a 
splice is not to be desired. If, therefore, No. 22 B. & S. 
Gauge, double cotton covered magnet wire is available, it 
may be wound 12 turns to the inch, making in the neigh- 
borhood of 300 turns in each half of the winding. The 
‘wo halves of the winding must be in the same direction; 
that'is to say, the one half is a continuation of the other. 
i 1g at the left end of the 
until within 1% inches 
of the centre. Here the wire = et with Seis 
PSs and a jump taken over 134 inches to the other side of 
SE'centveof the cylinder. Another peg secures the start 





jing turn and the second half of the winding is completed, 

turning the cylinder in the same direction. In order to 

maintain the space between turns a loop or cord is passed 

over the cylinder and a weight hung from its lower point. 

‘The turn of cord, which should be heavy and approximately 
de inch thick, will guide each succeeding turn, spacing them 
with fair accuracy. An experimenter who has built a sct 
of apparatus recently from the author's directions, advises 
that he was able to straighten up the entire winding by 
running a metal comb along the wire as an assistant turned 
the cylinder. The winding, when finished, is given half a 
dozen coats of shellac, each coat being dried thoroughly 
before the next is applied. 

‘The construction of the helix forming the primary will 
readily be understood from the drawings. The conductor 
is a length of ¥4-inch copper tubing, rubbed bright, and 
coiled into a helix of 275 inches in diameter for the Tesla 
coil and 26 inches in diameter for the resonator. A ma- 
terial superior to the tubing is the edgewise-wound copper 
strip that is now used in nearly all high grade wircless 
transmitters. This strip can be purchased in a spiral from 
any large wire manufacturer, but to bend it edgewise with- 
out buckling is a mechanical problem worthy of an enj 
heer. Tt can be done by rigging up a drum of metal ar- 
ranged with clamps to hold the strip flat as it comes from 
the reel, but the tasle is scarcely one’ within the province 
of the amateur, 

The Testa coil is mounted upon a base equipped with 
Sprtess in order that it may be moved quickly and easily. 


Tht secondary is supported by four rods of wood which 


 rounted in wooden bases in imitation of high tension 
‘The secondary is removable from the support- 


ing rods merely by lifting it off, the rods terminating ir 
Plugs which ft sockets in the heads of the cylinder. 
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Fig. 197.—The Dulin resonator complete and ie detail 
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rods themselves are removable from the base by lifting 
them fron sockets therein. The primary helix is supported 
‘on the secondary cylinder by the three legs as shown in 
the drawings. The helix is so springy that there is no 
difficulty in springing the third leg into position after the 
‘helix has been placed over the cylinder. 

‘The object of having all of the parts removable is of 
course to permit packing to be done effectively and without 
the enormous cases that would be necessary if the coil 
were in one piece. The resonator is made separable in 
the same manner. 

The ends of the Tesla winding are connected to the 
discharge rods through the rods and balls shown in the 
sectional drawing. The primary is entirely independent and 
its only connection with the secondary is an inductive onc. 
With the resonator, however, the case is different. The 
lowest turn is connected to the bottom turn in the primary 
helix and this in turn to a common ground terminal. The 
discharge rod 4 is also connected with this ground wire 
beneath ‘the base. 

Regarding: the resonator, little further need be said 
save for a few words about the winding. This is in one 
continuons layer of about 350 turns. As the voltage is 
lower, this winding may be of No. 18 annunciator wire 
wound close and most carefully coated with shellac in si 
applications. The practice of winding the turns close is to 
to be avoided if possible for there is extreme likelihood of 
the current leaping across through the insulation. A sep- 
aration of a single turn of thin cord will help materially. 

_. It slosing it may be well to state that the suggestions 
Siven in this chapter are intended for the amateur worker 
‘sho is not equipped with a lathe sufficiently large to take 
the cylinders. If the individual is so fortunate as to have 
access to such a large lathe, he may disregard most of the 
instructions and proceed in the regular manner. 





CHAPTER XXII. 


THE CONSTRUCTION OF A WELDING 
‘TRANSFORMER. 


While this piece of apparatus can scarcely be placed 
in the category of high frequency apparatus, since the cur- 
rent employed is the ordinary 25, 60, or 125 cycle lighting 
current, still the welding transformer forms a valuable ad- 
dition to the high potential apparatus used in an electrical 
offering on the stage. The feat of grasping a piece of iron 
wire, as thick as a pencil, between two pairs of tongs held 
in the hands and causing the wire to become red and even 
white hot while held in that position, is a stunt which 
seldom fails to call forth the applause of an audience. 
When the experiment is conducted with the proper scenic 
atmosphere, the effect is materially enhanced. 

In this chapter the reader will find the details of the 
construction of a low-voltage transformer admirably 
adapted to this purpose. The transformer can be built by 
the average handyman who has a smattering of electrical 
knowledge and who knows the value of careful work as 
regards insulation. Later in the chapter, the design of a 
Suitable stage setting and accessories will be described. 
While this experiment ‘may readily be made one of a num- 
ber grouped up into a single offering, still it is quite com- 
plete in itself and with embellishments, it may form the 
basis for an act of a few minutes’ duration. 

In order to make the description clearer, the various 
Parts of the transformer will be described separately, each 


7 





‘under its proper heading. The transformer is designed 
for operation on a 110-volt GO-cycle alternating current 
circuit and when the load is applied, the current in the 
primary is approximately 26 amperes. The secondary cur- 
rent at 11 volts is in the neighborhood of 250 amperes and 
this is sufficiently large to make quite a display 

The Core.—The core of the transformer is of lam- 
inated iron or preferably silicon steel 017 inch thick and 
‘cut into pieces as indicated in Fig. 138. From the diagram 
the reader will note that two sizes are required, i. ¢., 3 by 6 
inches and 3 by 8 inches, respectively, and 340 pieces of 
each size will be needed. The steel for the core may be 
obtained cut to size and ready to assemble from certain 
transformer manufacturers who buy the material in large 
quantities and cut it with a gate shear. 

ig. 140 shows how the 3 by 8 inch pieces are as- 

sembled with the ends projecting alternately three inches 
first on one and then on the other side. The strips are di- 
vided into two piles of 170 pieces each and each pile is then 
built up as shown in Fig. 140 to make two cores, each three 
inches thick, A generous wrapping of tape and three 
layers of press board make the cores ready for the 
windings. 

Primary and Secondary Winding.—The secondary is 
wound over the primary on each leg of the trans 
For this reason the primary winding will be con: 
first. As mentioned before, the winding described 
use on a 110-volt circuit; if the builder desires to wind for 
.220-volt circuit, he should substitute twice as many turns 
of a wire three sizes smaller in the primary only. The 
windings here mentioned are figured at but SOO circular 
mils per ampere, but in view of the fact that the trans- 


former is used for only a few minutes at a time, the heat 
‘ing will not be excessive. 
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‘The primary consists of 120 turns in all and so ar- 

that 90 turns may be used if desired. The wind- 
ing is of No. 9 D.C.C. magnet wire in four layers of 30 
turns per layer. Two layers are wound on each leg. With 
reference to Fig. 142, the winding is started by soldering 
the end of the wire from the spool to the end of a piece of 
stout copper ribbon which is then insulated with a layer of 
paper and the winding continued over it for one layer. This 
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Prevents the annoyance of the first turn coming loose after 
the winding is removed from the lathe. 

Over the first layer of the primary is placed a layer of 
Press board and then the second layer of wire is wound 
until the 45th turn is reached. At this point a tap of cop- 
Per ribbon is taken as shown in Fig. 143. Over this the 
winding is continued until the 90th turn is in place. This 
turn is soldered to the tip of a third piece of ribbon pre- 
Wiously placed so that the winding holds it. The same 
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procedure ig repeated with the other core leg and two 
rs of press board fitted ready for the secondary 
winding. 

‘The secondary consists of 10 turns in all, five to each 
layer. The winding is composed of three No. 4 D.C.C, 
wires wound in multiple as shown in Fig. 146. The wire 
should be on three spools arranged conveniently in back of 
the operator who should wear canvas gloves in handling 
the heavy conductor. The wires will have to be tapped in 
place with a small wooden mallet. ‘The starting ends are 
soldered to a piece of heavy copper strip, the winding done, 
and the finishing end secured in a similar manner. A sub- 
stantial covering of press board finishes the windings after 
they have been liberally painted with armalac or a similar 
compound. 

‘The legs with the windings on may then be set on end 
and the 3 by 6 pieces of steel inter-leaved in order to com- 
plete the magnetic circuit. One end of the core complete 
is shown in Fig. 139. A slight tapping with a light ham- 
mer will set up the irons. 

‘The Mounting—The mounting is clearly shown in 
Fig. 148 as is also the directions of the windings, The 
builder should determine this very carefully by placing the 
cores end to end before assembling and then noting which 
terminals of the windings, when connected together, will 
Produce a continuous winding in one direction throughout. 

‘The copper ribbon taps are soldered to No. 10 flexible 
Stranded conductor on the primary and to three No. 4 fles~ 
ible stranded cables in multiple on the secondary. The 
cables are lead to binding posts on the primary end and 

massive copper bolts on the secondary. The connections 
between the halves of the windings are made with strips 
of copper insulated with tape. 

Welding Experiments.—The current delivered by thy 
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transformer just described is of low voltage but great vol- 
ume. Such a current may be applied to the requirements 
of the popular science entertainer in a number of ways and 
the space available in this treatise will permit of but a brief 
outline of the many interesting experiments it is possible to 
produce. 














Fig. 14 —The transformer complete showing diagram of connections 

As a necessary adjunct to the transformer described 
Previously may be mentioned a pair of heavy cables to 
conduct the current from the secondary of the transformer 
to the appliances with which the experiments are to be per~ 
formed. Such cable may be purchased in an electrical sup- 
ply store, but it is likely to be rather too stiff for the re- 





ents of the performer. For this reason the alithor 

that the worker make his own cable, and the 
appended illustration (Fig, 149) shows how this may be 
dane. A coil of No. 24 bare copper wire is cut into suffi- 
Gent ten-foot lengths to make up two bundles of wire each 
Y% inch in diameter when the wires are tightly bound to- 
gether. The end of one bundle of wires is forced into a 
substantial Iug and very carefully soldered to insure that a 
perfect electrical connection is made. This lug is then 
gripped in a vise and the wires are stretched individually 
‘and collectively along the bench with the ends held securely 


Cote 0 oundie of A* 26 bore copper mires 10 form 
conductor $ inch thick 





Fig. 149—Showing construction of eable to carry the beavy secondary current 


when the stretching has been done. A wrapping of cotton 
tape is then wound throughout the entire length of the 
cable starting at the end with the lug and finishing tem- 
Porarily three or four inches from the other end where the 
tape is bound with wire to keep it from unwinding. Agait 

Starting at the lug end, a layer of fe, hard fish line is 
ee as the cable and over the tape, finishing the 

ering of the cable. Before cutting the tape and line 

the Bnishing end the wises sre to Ue cut off squarely and 
inserted into a second Iug which is carefully soldered as in 
the case of the Srst one. The tape and line may then be 








CONSTRUCTION OF WELDING TRANSFORMER 


brought up to the lug and finished off. The same process 
is repeated with the sccond bundle of wires to form a cable 
similar to the first. 

The only other adjuncts necessary for the simpler ex: 
periments with the transformer are two pairs of tongs or 
clamps to which the cables are fastened. In Fig. 12 the 
reader will note a suggestion for a pair of tongs of suit- 
able design, and if the worker is a fairly skilful pattern- 








Fig. 150.—Thete copper tongs are useful in the conduct of many experiments 
sheaning cateent 


maker he can make a pattern from which a copper or 
bronze casting may be made. Failing in this, he may use 
a dismantled pair of iron tongs or gas pliers for the pat- 
terns, making such changes as may be necessary with the 
aid of a bit of hard wax. The illustration is just one-half 
the size of the finished tongs used in the author's outfit, 
and it will not be safe to use a lighter weight of copper a5 
the tongs heat up pretty well after the current has been on 
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afew minutes. The lug of the cable is fitted to the handle 
of the tong as shown in the illustration. 

‘Assuming that the transformer has been set up, the 
worker will be anxious to try it out. The tongs may be 
grasped with the bare hands as the voltage of the secondary 
js so low that practically no shock will be perceptible 
however, if the performer's hands are tender or susceptible 
to perspiration, the handles of the tongs may be dipped in 
white lacquer which will be quite invisible when dry but 
which, at the same time, acts as an effective insulator. 
‘The tongs having been connected to the transformer sec- 
ondary by means of the cables and the GO-cycle alternating 
current circuit through a 30-ampere fused switch, the per- 
former may grasp a piece of ¥4-inch steel rod about two 
fect long in the jaws of the tongs and have an assistant 
turn on the primary current. The steel will quickly dis- 
color and become gradually red and then white hot. At 
this stage the current should be turned off and the per- 
former should place a pair of gloves on his hands, explain- 
ing to the audience that, as they have just scen, the cur- 
Fent passing through his hands has no effect whatever upon 
him, bur that the intense heat so near his hands is worse 
than unpleasant. The heavy gauntlet gloves in place, the 
experiment can be carried to the stage of white heat, at 
which point the steel is almost plastic and the rod can be 
bent easily into a U shape A few minutes more and the 
fice! actually burns up in the performer’s hands, sending 
rth a shower of sparks in all directions. In order to 
Protect the eyes and clothing from the sparks, it is well to 
wears helmet and 4 Iarge leather apron to completely 
ae oo = dress has its psychological effect 
The transformer may be used to weld together two 
Pieces of iron rod held in tongs and brought together; spot 
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welding of sheet iron may be done if a device is built to 
fide sufficient pressure at the contracts; a mass of metal 
Pray be brought almost to the melting point if placed in a 
Grusible and the terminals inserted; and, in fact, countless 
Gther experiments, many of which will suggest themselves 
fo the possessor of the transformer, may be performed. 

‘A most effective stage setting is one of dark purple 
velvet in the form of a cavelike affair. Practically all of 
the electrical experiments should be performed in semi- 
darkness in order that the effect may be striking, The 
fusing of copper and zinc rods held in the tongs with the 
stage dark makes one of the most starting experiments the 
author has ever beheld. 





CHAPTER XXII. 


HINTS FOR THE ELECTRICAL ENTERTAINER. 


Not the least important feature of the work in hand is 
the preparation of a suitable explanatory lecture to accom- 
pany the experiments which are to be performed with the 
apparatus described. Upon the snap and vigor of the lec- 
ture depend in a large measure the successful presentation 
of the offering. It is safe to assume that the day of the 
electrical fakir is past—no longer can the smooth-tongued 
performer claim some supernatural power which enables 
him to take through his body enormous voltages which 
would prove fatal to the average mortal. The lecturer of 
this type is as much a thing of the past as is the old-time 
Hiiicmncabulakes claim to some occult power rather 
Reds sleteki-ciend or mechanical inienuity: to accom 
plish his tricks. The electrical entertainer of to-day must 
bear in mind that in the past five years the education of the 
general public along the lines of electricity and science has 
advanced in an astonishing degree, and to offer his experi~ 
ments under the guise of a wizard is not only to insult the 
intelligence of his audience, but to stamp himself as an 
absurd charlatan as well. Just as the modern prestidigi- 
tator credits his quickness of hand, so should the electrical 
entertainer give credit to modern science for his ability to 
Perform the startling experiments he offers. 
ee re The class of audience catered to 
Hiould also bear careful consideration. The style of talk 

y the intelligent and well-read Chautauqua as- 
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sembly would be hopelessly out of place in even a high- 
class vaudevillé theatre. This is not due to the lesser 

degree of intelligence to be found in'the theatre audience 

zo much as to the fact that such an audience demands to 

be shown rather than told. The experiments must speak 

for themselves and any lecture accompanying their presen- 

tation must be more in the nature of an explanatory 
‘chatter” rather than a discourse on the theory and scien- 
tifie reasons for the phenomena demonstrated. With the 
typical lecture audience, on the other hand, the explanatory 
remarks may be more comprehensive in nature, as such an 
audience comes to listen and be instructed, as well as to 
sce and be entertained. At the same time the performer 
must not lose sight of the fact that many of the people in 
even a scholarly audience are totally unfamiliar with even 
the fundamentals of electricity except in a vague way, and 
his discourse should therefore be interspersed with fre- 
quent analogies in everyday life in order that the terms 
and phrases used may be clearly comprehended. 

A clever touch of comedy is of almost inestimable 
yalue; for the theatre audience it should be of the “slap- 
stick” variety, while for the lecture assembly it should be 
gentecl or even subtle in nature. As an illustration of the 
former style of comedy, the writer has seen many a 
mediocre electrical act carried through to a riotous curtain 
simply because a handful of boys from the audience were 
knocked off their feet supposedly through contact with a 
wire. The same bit of comedy presented for the approval 
of a more cultured audience would have resulted in a few 
disdainful smiles. 

Short Introduction Preferable.—The performer should 
beware of a lengthy introduction in either of the two cases. 
For the theatre, the opening remarks should be exceedingly 
‘brief and “straight from the shoulder,” for an audience of 
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this nature is ever impatient for something to happen and 
the quicker the action throughout the better the reception, 

Tf the lecturer is endowed with an unusually commanding 

presence, wl invariably combines the gift of wit or 

humor, he carry the action with his own magnetic 

personality; but for the individual who is not gifted in 

this manner, the rapid-fire style is safer and less likely to 
subject him to the disconcerting ridicule of an unruly gal- 
lery crowd. 

Impressive Opening Imperative.—The introductory re- 
marks should be quickly followed up with an impressive 
experiment; this is to at once arrest the attention and whet 
the appetite for better things to come. After the successful 
completion of this one experiment, the performer has, in 
a large measure, gained the confidence of his people, and 
in consequence, they will be the more ready to listen to 
his further remarks. At this point may come the real in- 
troduction to the entertainment to follow. The experi- 
ments should be placed on the programme in logical order 
and every effort made to so arrange them that there shall 
benno wait whatever between the successive demonstrations. 

‘The mediocre experiments should be interspersed with 
‘the spectacular and startling ones, and invariably the climax 
should consist of the one experiment that proves to be the 
Masterpiece. It is not always possible to determine just 
which one from among the number may properly lay claim 
to this title and this is where the value of “trying it on the 
dog” comes in. As a matter of fact the final rchearsals of 
‘the performance should be before a real audience and a 
critical one at that, for only in this way can the production 
‘be whipped into shape, e 

n Selection of Experiments —The selection and prepara- 
tion of the experiments to be used in his program must 
‘needs rest with the entertainer himself. The work must 
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show the individuality of the entertainer, since he is to 
perform the experiments and is responsible for their recep- 
tion by the audience. The hints offered in this book 
should, therefore, be considered in the light of suggestions 
only, and the most the writer can hope is that they will 
start the entertainer on the right track. Constant experi- 
ment day after day will serve to bring out the wonderful 
possibilities in the apparatus, and as the worker proceeds he 
should make note of the effects produced and strive in fut- 
ure attempts to make the manner of presentation more 
striking and interesting. ‘The one big thing to be borne in 
mind, as outlined in the last article, is that the experiments 
must hold the interest of the audience without the neces- 
sity of discourse or explanation. In the first place, the 
high frequency discharge produces a deafening noise which 
1n itself renders speech inaudible while the coil is in opera- 
tion, and, secondly, the audience as a rule does not care 
what the entertainer has to say and it must be shown. 
Simplicity should be the keynote throughout, for the aver- 
age theatre audience may be treated as a more or less un- 
ruly crowd of children who want solely to be amused and 
entertained, With these facts in mind, the entertainer may 
plan his program. The number of experiments is seem- 
ingly limitless when one starts to operate the apparatus, 
and as the time allotted the average feature act in vaude- 
ville is from twenty to thirty minutes, 

only the pick of the lot should be chosen. Some may be 
selected for their beauty, but the majority should be picked 
with a view to their sensational qualities. 

Probably the most effective opening number is pro- 
duced by the high frequency transformer in operation at 
full power with a dark stage. ‘The streamers of fire leap 
out for several feet in all directions from the ball atop the 
transformer. The discharge makes a tremendous crackling 
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and crashing noise which impresses the auilience through 
ite weirdness even before the curtain rises. As the curtain 
ascends, the center of the stage appears to be filled with a 
twisting, darting mass of slender, purplish fingers of fire 
qwhich snap at the entertainer as he enters through the 
center door and walks down stage or toward the footlights. 
‘The current may, at this time, be shut off and the lights 
turned on full for the opening remarks which were dis- 
cussed in a preceding paragraph. 

‘After the short preliminary address the performer may 
briefly explain to the audience how modern science enables 
man to make electricity his servant, and a servant whose 
services are to be respected but not feared. For instance, 
he can say that if he were to place his hands across the 
terminals of the low frequency transformer (pointing out 
the instrument, but not explaining its principles) he would 
receive a shock that would positively be fatal, since its 
voltage is in excess of that used in the electric chair. Ile 
may then go on to say that through a simple process of 
conversion which changes the nature of the current but 
which does not in any way materially reduce its strength, 
and which, indeed, serves to increase its voltage to near of 
quite the millon mark, he is enabled to apply that erstwhile 
destructive force to the good of mankind, curing diseases, 
relieving pain and in countless other ways fulfilling the 
claim that clectricity is man's greatest servant when in~ 
telligently handled. The performer may then show how 
the tremendous current can be taken through the body 
without danger, even though its voltage is hundreds of 
times that used for purposes of electrocution. A metal rod 
is grasped in the hands, and while standing on an insulated 
stool the performer approaches the ball discharger of the 
Aransformer with the lights out and the coil in operation, 
‘As the rod nears the ball, a beautiful halo or lumnino 





vapor gathers at the point and increases in intensity as the 
distance is shortened. Finally, when the rod is within four 
‘or five fect of the ball, an cnormous sheet of purplish- 
white flame crashes across the intervening space and into 
the rod held in the hands. The spark leaps into the air 
‘and breaks as the heat causes it to rise, and the moment the 
discharge is broken another flame takes its place. If the 

tance is shortened to within six inches or a foot of the 
ball, a piece of stick or bit of paper held in the spark will 
be ignited immediately. 

‘The performer may then withdraw and have the cur- 
rent turned off for a few words of explanation. The next 
experiment may be made to show that the current is actu- 
ally going into the body of the entertainer. To this end, 
he approaches the ball with his rod held in one hand and 
in the other he grasps an electrode to which is connected 
a wire leading to one terminal of an incandescent lamp. 
‘The other terminal of the lamp is attached to a second 
electrode which is held by the assistant. When the cur 
Fent is turned on the spark leaps to the rod as before and 
the lamp is lighted to full incandescence or even burned 
out by the current passing between the bodies of the per- 
former and his assistant standing nearby. 

Some of the most startling and spectacular experi- 
ments of which the high frequency apparatus is capable are 
Produced in connection with the insulated stool and the 
charged body of the performer. For most of these experi- 
ments, the frequency of the current should be increased by 
moving the primary clip of the oscillation transformer to 
® Point where fewer turns are included in the circuit. This 
will reduce the spark length of the coil, but this loss can 


be tolerated in view of the fact that the current is smoother 


Ttis 


the muscular contractive effects are totally missing. 
difficult for the performer to do justice to his experi- 
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ments if he experiences any degree of shock, which, while 
not at all dangerous, is still disconcerting. 

The performer stands on the stool and touches the 
discharge ball of the coil with his metal wand. When the 
current is turned on, a strong, snapping spark several inches 
jn length may be drawn from any portion of the body by 
the assistant. This spark will ignite a piece of cotton 
dipped in alcohol, light 2 cigarette, puncture a thin piece 
of glass, and do many other equally interesting tricks. If 
the spark is taken from the bare skin for any length of time, 
a blister will form from the burn which results, and it is 
therefore advisable to draw the spark from a heavy ring 
worn on the performer's free hand. An occasional spark 
taken for a few seconds at a time will not affect the skin 
and the lighting of the cotton may be accomplished by the 
assistant bringing the material in close proximity with the 
performer's ear or chin. Care showld be taken to avoid sparks 
near the eyes. If the performer holds a metal spoon in his 
mouth, a spark may be drawn from the handle and this 
‘experiment seldom fails to bring applause, 

If the primary clip on the oscillation transformer is 
carefully adjusted after the performer has been connected 
with the discharge ball, a point will be found where his 
body seems literally to exude a luminescent halo of bluish 
white fire, When the free hand is raised directly over the 
head, little tongues of fire dart from the finger tips into 
the air. When a second person approaches to within a 
foot or so of the performer the space between their hodies 
is apparently filled with a luminous vapor, and a finger 
pointed at the performer instantly calls forth an intense, 
cone-shaped stream of light. A Geissler or other vae- 
‘uum tube brought to within even six or eight feet of the 
charged body lights up with its characteristic glow, and, 
when it approaches to within 2 foot of the body, the glow 
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‘cally as bright as it would be if the current were 
jnto it through a wire instead of through space. 

"An entertaining experiment is to bring an incandescent 
lamp bulb, held by its base in the assistant’s hand, close to 
a rod held in the hand of the performer. The current 
Slowly strikes through the glass wall, and, as the fracture 
increases, the air is let into the bulb. As the vacuum 
lowers the-color of the glow in the bulb changes from 
bluish white to red, then to purple and finally it disappears 
as the spark punctures the wall and finds its way to the 
wires inside. 

No further attempt will be made to describe “exp. 
ments” for to do so is futile at this point. The worker will 
find that every time he turns the current on, he finds some 
new wrinkle or stunt to do with the spark. Ardent experi- 
mentation with the apparatus itself is the very best teacher 
and a day spent merely in “playing” with the outfit will 
give the ingenious worker scores of fascinating experi- 
ments, some of which are suitable for the Stage and others 
for the parlor or the laboratory. 

Dr, Tesla prepared a series of intensely interesting lec 
tures some years ago and his work, now in book form, 
offers a truly remarkable series of instructive experiments. 
While Dr. Testa advocates, in his book, the use of a high 
frequency alternator or else an oil-immersed oscillation 
transformer, still many, if not all, of the performances he 
Pictures can be shown with the apparatus described in this 
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